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PREFACE 


I 


The  object  t,.  "he  lemona  outlined  in  this  courec  i> 
twofold,  namely,  to  train  one  to  thoroughly  understand 
the  principlej  of  projection  used  in  all  mechanical  drawings, 
and  to  give  the  training  necessary  to  make  such  a  drawing. 

Incidcntal'y,  the  experience  gained  in  doing  so  will 
enable  the  apprentice  to  b<j  able  to  r«ad  a  working  drawing 
when  placed  before  him. 

The  degree  of  success  attained  will  be  measured  by  the 
amount  of  thoupht  ~nd  practice  given  to  the  subject,  and 
the  time  is  only  lost  when  a  student  attempts  work  of  this 


nature  without  having  his  mind  on  the  subject  in  hand. 
Tbt  course  has  been  made  as  practical  as  possible. 
Sufficient  problems  have  been  given  in  Plane  Geometry  to 
enable  the  student  to  lay  out  most  of  the  work  which  arise* 
in  shop  practice,  and  serve  at  the  same  time  to  train  the 
beginner  in  the  proper  use  of  the  drawing  boards,  set 
squares,  and  instruments. 

The  problems  given  in  Geometrical  Projections  fully 
dlustrate  the  requiiemenU  of  projection  necessary  to  the 
proper  making  of  a  mechanical  drawing,  provided  the 
apprentice  applies  close  study  and  diligent  practice. 


INTRODUCTION 


Everyoiw  engaged  in  m«-hanical  work  .hould  under- 
•Und  the  rudiment,  of  mechanical  drawing  m  that  he  ran 
read  drawing,  and  .ketches  without  difficulty.  Drawing 
u  a  umvenul  language,  and  the  mechanic  who  doe.  not 
understand  the  fir,t  principle,  of  making  drawing, 
encounter,  many  di/ficultie.,  A  .ketch  toll,  much  that 
cannot  be  de«:r,bed  in  words,  -t  i.  almost  as  im,H«.ihle 
for  a  man  to  .ucceed,  it  he  does  not  understand  mechanical 
drawing,  a.  it  would  be  if  he  could  not  ri'ad  nor  writ.. 

A  mechanic  doe.  not  need  to  become  a  full-fledged 
draughtsnian  in  order  to  read  and  fully  understand  a 
drawing,  but  neverthele*  he  must  study  the  principles  of 
drawing  ,f  he  is  to  b^me  familiar  with  reading  blueprints 
Along  with  the  study  of  the«  principle,  and  rules  there  .-nust 
go  conruderable  practice  in  actual  drawing.  This  is  doubly 
useful  to  a  mechanic,  for  there  will  be  numerous  ca«s  when 


he  will  wi.h  to  "sketch"  out  a  job  quickly,  „y  perhar. 
wh.n  a  ..mpic  article  i,  ni-clcl  in  a  h  .  .-y  from  the  black- 
s.M.lh  »  forge,  ami  at  such  a  time  his  knowledge  of  drawing 
will  prove  very  useful  and  sirve  him  well.  Most  mechanic, 
from  time  to  time  have  idea,  which  they  con,ider  improve- 
ment, over  the  usual  method,,  and  frequently  a  drawing  i. 
needed  to  present  tl..  idea  clearly,  ft  often  hapf^n,  that  a 
mechanic  is  sent  to  inspect  a  pii^e  of  machinery  that  ha, 
given  out  or  bc^en  damaged:  in  making  a  report  on  a  matter 
such  a,  this  It  g,»s  without  saying  that  a  .ketch  will  be 
needed  on  which  to  show  the  location  of  the  flaw  or  other 
damage. 

After  getti-g  an  insight  into  practical  drawing  a  gf»at 
many  boy,  develop  a  liking  for  it  that  lead,  them  into 
making  it  a  hobby  '  .heir  spare  time,  and,  such  being  the 
case.  It  1,  ceruinly    ,,   ,  well  and  pi  .fitably  ,pent. 


The  coutw  m  drawing  prewntcd  by  thi.  book  has  l«n 
prepared  lo  that  by  carefully  working  out  all  the  problcn, 
and  doing  the  exerciK,  in  the  order  given,  you  will  be  led  i„ 
a  .tage  where  sou  will  understand  any  blueprint,  coming 
to  you  in  the  diop.  " 

In  addiUon  to  this  you  will  be  able  to  make  good  "free- 
hand .ketche.  of  machine  parts,  and  from  these  prepare 
neat  and  accurate  line  drawing,  by  the  u»  of  the  drawing 
instruments,  * 


TO  THE  APPRENTICE 


The  course  contain,  many  problem,  in  Plane  Geometry 
m^rted  where  they  are  needed  to  explain  the  drawing 
The«  problem,  will  be  found  useful  to  yo'.  in  the  shop,  for 
they  are  u«d  extensively  in  all  case,  of  "laying-out" 
and  performing  such  operation,  as  Kiuaring  up  plate.,  etc 

You  must  cultivate  ability  to  m,-ke  accurate  measure- 
ments,  and  the  practice  «^ured  in  the  classroom  will  be  of 
great  use  to  you  in  your  practical  shop  work 


Mechanical  drawings,  as  the  name  indicates,  are  made 
mechanically,  that  is,  with  instruments,  and  are  thus 
distinguished  from  drawings  made  freehand. 

The  instruments  included  in  a  simple  set  vary  greatly, 
but  usually  a  set  contains  a  pencil  compass,  a  pair  of 
dividers,  a  ruling  pen  and  a  compas"!  pen.  These  are  the 
instruments  actually  needed,  but  sometimes  more  elaborate 
sets  are  used  for  making  special  drawings. 

Examine  your  equipment  provided  by  the  Company  and 
see  that  none  of  the  parts  are  missing;  it  should  consist  of 
the  following: 

Drawing  board. 

T-square. 

45-degree  triangle. 

30-,  60-degree  triangle. 

Rule 

Before  starting  to  draw  you  will  need  a  drawing  pencil 
(2-H);  }  doj.  small  thumbtacks;  a  rubber  eraser;  asheetof 
paper;  and  a  sketching  book. 


In  using  the  T-square  it  is  placed  on  the  boani  with  the 
head  against  the  left-hand  side.  It  can  be  made  to  slide 
up  and  down,  keep  .ig  the  head  in  contact  with  the  edge  of 
the  board,  and  the  blade  can  be  used  as  a  ruler  for  drawing 
horizontal  lines.  When  a  number  of  lines  have  been  drawn 
in  this  manner  they  will  be  parallel  to  each  other.  The  word 
horizontal  ii  given  to  all  lines  running  across  the  paper  from 
side  to  side,  such  as  the  lines  AB  in  Fig.  No.  1. 

Wncn  placing  a  sheet  of  drawing  paper  on  the  drawing 
board  make  the  top  edge  exactly  horizontal,  using  the  blade 
of  the  T-square  to  guide  you,  then  fasten  it  by  means  of  four 
thumbtacks  as  shown  in  Fig.  1.  When  ruling  horizontal 
lines  with  the  """-square  use  only  the  upper  edge  of  the  blade 
as  a  ruler. 

Exercise  1.  Place  a  small  sheet  of  paper  about 
12in.  by  18in.  on  the  board  and  practise  drawing  horizontal 
lines.  Use  the  T-square  as  instructed  and  place  the  lines 
exactly  Jin.  apart  and  lOin.  long,  leaving  an  even  clear 
space  or  border  around  the  sheet.  Space  off  the  Jin. 
distances,  first  using  the  rule. 
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In  this  lesson  the  use  of  the  "triangles"  is  introduced. 
There  are  two  of  these,  one  being  called  the  45-degrcc  and 
the  other  the  30-,  60-degree  triangle.  (The  word  degree  is 
generally  abbreviated;  a  small  circle  thus  °  always  signifies 
degrees.)  In  order  to  know  them  apart,  remember  that 
the  45°  triangle  has  two  of  its  sides  equal  in  length,  while 
in  the  30°,  60°  triangle  no  two  si  les  are  the  same  length. 

Place  the  45°  triangle  as  shown  in  Fig.  2  in  contact  with 
the  upper  edge  of  the  T-square,  keeping  the  head  of  the 
T-square  snugly  up  to  the  edge  of  the  drawing  board. 
The  triangles  can  be  moved  along  the  T-square,  and  if 
desired,  the  "ertical  edge  may  be  used  for  ruling  vertical 
lines.  Always  be  sure  that  the  triangle  rests  squarely  on 
theT-square,and  that  the  head  of  the  T-square  is  up  against 
the  edge  of  the  board.  For  drawing  vertical  lines,  as  indi- 
cated in  Fig.  2,  either  of  the  two  triangles  may  be  used. 
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Study  F.g.  3  and  Fig.  4  and  see  how  line,  can  be  drawn 
at  an  angle,  uang  the  triangles.    In  Fig.  3  the  lines  AB  and 

DB  ^.wt™  .f",^  ^■'^""*'  ""*  *^^  «"«  CA  and 

Sb  an^ra"'-'"'""'  '■""  ''"  '^'"  **  «  «°  •»  '^^ 


to  a  horizontal  Ime,  and  at  (b)  the  same  triangle  is  used  to 
draw  hues  at  30"  to  the  I.orizontal.  You  willle  no^ow 
60°  rtanglr  ^''  "«■""-*«  «°  triangle  and  the  30«. 


FIQ.3 


FIQ.4 


DRAWING  TO  MEASUREMENT 

We  will  use  the  T-square,  the  rule,  the  45°  triangle  and 
the  pencil  for  this  lesson,  and  the  special  purpose  is  to 
become  familiar  with  the  rule. 

When  laying  off  measurements  for  the  fallowing  figures, 
great  care  must  be  used  to  get  the  sizes  exact,  and  the 
student  should  not  be  satisfied  with  any  work  but  the  very 
best  he  can  produce. 

Lay  out  an  Sin.  square,  that  is,  a  figure  whose  four  sides 
are  each  Sin.  long.  A  rood  plan  to  follow  is  to  draw  the 
bottom  line  of  the  square  and  one  side  lightly  at  first. 
Use  your  rule  and  measure  off  these  two  lines  exactly,  then 
complete  the  square  with  your  T-square  and  triangle. 
Afterwards  go  over  the  outline  exactly  and  make  it  heavier. 
Also  lay  out  a  4in.  and  a  2in.  square  on  the  same  sheet 
of  paper. 

Draw  a  light  line  diagonally  across  each  square,  that  is, 
from  one  corner  to  the  opposite  corner  in  each  square,  using 
the  45°  triangle  for  this  purpose.  On  this  diagonal  line 
lay  off  points  or  measurements  as  follows:  For  the  Sin. 
square  these  points  should  be  iin.  apart,  starting  at  one 
comer  and  letting  the  last  measurement  come  where  it 
will.  On  the  4in.  square  make  the  points  lain,  apart,  and 
on  the  2in.  square  iin.  between  points. 

Now,  using  the  T-square  and  45°  triangle,  mth  the 
triangle  as  the  ruling  edge,  draw  light  lines  through  these 


points  in  each  square;  these  lines  will  be  at  right  angles  to 
the  diagonal  line.  (A  right  angle  is  an  angle  of  90°,  as  seen 
in  the  corner  of  a  square;  find  the  right  angle  on  each  of 
your  triangles.) 

When  drawing  in  these  lines  care  must  be  taken  to  see 
that  they  cut  the  centre  of  the  point,  and  the  finished  result 
should  be  three  figures  similar  to  that  shown  in  Fig.  5. 


One  thing  we  wish  to  emphasize  is  that  the  student 
should  study  the  instruction  sheets  of  each  lesson  very 
carefully;  he  should  try  to  learn  the  purpose  of  each  lesson 
and  its  important  points  before  attempting  to  make  the 
drawing. 
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LETTERING 

The  average  student  does  not  fully  appreciate  the  value 
of  be.ng  able  to  letter  well,  and  while  he  is  seldom  pleased 
with  his  letteriLg,  he  usually  doe.  not  like  to  devote  the 
n««sary  time  to  pracUee.  A  great  many  apprentice, 
reach  the  pomt  where  they  are  able  to  make  a  neat,  work- 
manlike  drawing,  the  appearance  of  which  they  will  spoil 
when  they  letter  and  dimension  it. 

The  greatest  aid  for  lettering  is  to  use  two  light  lines 
separated  exactly  the  amount  of  the  desired  height  of  the 
letter.  In  measuring  off  this  distance  use  your  dividers, 
lor  It  IS  important  to  get  the  distance  eiact.  Print  with 
a  1-H  pencil. 

In  tJie  illustration  you  will  find  the  standard  letter  and 
hgure  shapes,  and  these  must  be  studied  and  copied  until 
you  are  able  to  produce  these  standard  shap  from 
memory.  In  making  these  letters  have  only  one  tiling  in 
mind  that  IS,  to  k«p  strictly  to  this  standard  upright  form 
of  letter.  Make  all  the  letters  in  a  work  the  same  height, 
using  the  guide  hnes  as  they  are  intended 

ABCDEFGHIJKLMN 

OPQRSTUVWXYZ. 

ABCDEFGHUKLMNOPQR 
STUVWXYZ  -  I234567890. 

*■   r    &•       6'-4-"        13- Oi-   3i' 

FiQ.6 
Frequent  practice  is  neces^jry,  for  that  is  the  only  way 
to  become  a  neat  letterer.  ■ 


All  notes  ,nml  dimensions  will  read  from  Ijottom  or 
right  side  of  drawing,  according  to  l<x-ation  of  dimension 

For  the  present  we  will  only  use  two  different  sizes  of 

^"^T^'  /*"'^  ^"''  ""'^  ""'  ■»  *'■"•  i"  height  and 
^dth,  and  some  titles  will  be  ,'.in.  i„  height  and  Jin. 
mde.    The  Jin.  style  will  be  most  used. 

Pay  particular  attention  to  the  spacing  of  the  letters  in 
a  word  to  get  a  neat,  uniform  appearance,  also  leavine  a 
umform  space  between  words. 

In  placing  dimensions,  one  short  stroke  placed  above 
a  figure  and  to  the  right  denotes  "feet,"  and  two  short 
strokes  denotes  "inches."  When  the  size  reads  feet  and 
inches  place  a  hyphen  between  the  two  terms;  thus,  6'.44" 
reads  six  feet,  four  and  one-half  inches. 

All  fractions  shall  have  the  division  line  made  horizontal 
as  shewn  thus— J,  and  should  be  ,',"  in  height 

In  all  the  lessons  that  follow  it  is  desired  that  the 
student  do  all  necessary  printing,  keeping  strictly  to  the 
standard  presented  in  this  lesson. 

ExerclM  1.  After  a  preUminary  practice  to  get  the 
shapes  in  your  mind,  make  two  neat  pencil  copies  of  the 
Illustration. 

Pointers 

Try  to  make  each  letter  better  than  before,  keeping  the 
Jd^l  letter  m  mind  to  copy  from,  frequently  looking  at  the 
letters  shown  in  I'lg.  6  to  get  ccrrect  shape.  Do  not 
press  on  your  pencil  too  hard,  and  do  not  go  over  the  '  ers 
Cultivate  a  decisive,  straightforward  manner  in  li-  g' 

for  this  IS  what  gives  a  good  general  appearance  t       jur 
printing. 
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Right  angis 
ANGLES 


Acute  angle 


Obtuse  angre 


=,„„fl.  r"  V'  '"""""'  "'*'  "'"'  """^  '"dines  toward 
another  Ime.  Fig.  7  »hows  tliree  kinds  of  angles  a^dk 
W.I1  be  nofced  that  length  of  the  lines  have  no  M-eni 
on  the  s«e  of  the  angle,  for  the  si«  of  the  angle  SeZS 

rt  an rther'th"""™'  °'  -'""^  '"^"™''™  '^  --^^'^■ 
7  /L  ".*'"*^  requiring  measurement,  angles  have  a 
standard  umt  by  which  they  are  measured ;  i  is  Cwn  ™  a 
degree,  and  there  are  360"  in  a  complete  drde  or!^ItSn 
An  angle  containing  90°  is  a  quarter  of  a  circle  and  is 
known  as  a  right  angle.  Any  angle  .mailer  th^a  righ 
angleis  an  .cute  angle,  and  if  ireateritis  called  an  obJ^« 
PLANE  FIGURES 

P^etely  bounded  by  a  line  or  lines,  ar.d  here  we  will  "1 
consider  a  few  of  the  simple  figures  ^ 

planX™^'  "  "™"°""'  ""^  """=•  "•"^''  '^  °-  '^"O  <" 

Jul  ""   1^"""  ''  '"""''"'  ^y  ='™8i"  lines  only,  it  is 

gtul'of"^  ''"'"■r''  ^'^^™=  "^^  ^"W-Med  into  n^ny 
groups  of  figures  depending  on  the  number  of  sides. 


I.^.C«-        ^L°'^'  meaning  of  what  a  polygon  is     Ail 
Plane  flsure.  bounded  by  straight  line.'^e  ,;;,;;g„;^." 

In  each  class  of  polygons  there  is  one  regular  form  and 
an  mfimte  number  of  irregular  forms.  The  first  clTssol 
polygon  ,s  the  triangle,  and  the  next  class  the  quadri  at"  al 
These  two  classes  are  the  most  important  to  us,  for  thevLre 
so^^ommonly   met   with.     Each    class   will' be 'stS 

Exercise  1, 

(a)  Give  a  definition  for  an  angle. 

(b)  Give  a  definition  for  a  degree. 

(c)  Name  three  general  classes  of  angles. 

(d)  What  is  a  plane  figure  ? 

(e)  What  is  a  polygon  ? 


Right-angle  triangle 
TRIANGLES 


Acute-angle  triangle 


OI)tuae-angle  triangle 


A  triangle  ,3  a  three-sided  polygon.  Having  three 
Mdes  It  follows  that  it  will  also  have  three  angles,  hence 
.te  name-tr.angle-"tri"  meaning  three.  Fig.  8  shows 
three  general  classes  of  triangles,  the  names  being  found 
under  the  figures. 

The  right-angled  triangle  has  one  angle  a  right  angle. 
The  side  opposite  the  right  angle  is  called  the  hypothenuse 
In  an  acute-angled  triangle  all  the  angles  arc  acute 
An  obtuse-angled  triangle  has  one  angle  obtuse 
On  preceding  page  it  was  learned    that   each   class  of 
polygon  had  one  "regular"  form.     Among  triangles  this 
lorm  IS  known  as  the  equilateral  triangle— see  Fig  9 


»„a^  1    t."^"  "^  ">""'  *"<'  "''"^'ore  »"  three 

angles  are  equal.  There  is  a  law  concerning  triangle,  it 
will  be  well  to  remember,  that,  if  all  three  an^ea  are  ad"e^ 
together  you  will  get  180°.      In  areaaaea 

other  words,  the  f^tal  of  all  the 

angles  of  any  triangle  will  equal 

two  right  angles,  or  180°. 

In  the  case  of  the  equilateral 

triangle  it  will  be  evident  that 

each  angle  is  60°.     Prove  this  to 

yourself  by   reading   the   above 

paragraph  over  again. 


Scalane  triangle 


laoaceles  triangle 

Fig^  10  5;,ow8  two  classes  of  triangles  that  are  often 
sTgnif^  '"'  ^"  ^  *'"  '"  '""^  *^'"  '*«■■•  ■«">" 

The  isosceles  triangle  is  one  having  two  of  its  sides  equal  • 
no  notice  is  taken  of  what  length  the  third  side  has.  This 
form  of  tnangle,  since  it  has  two  sides  equal,  must  also  have 
at  least  two  angles  equal. 

The  scalene  triangle  is  one  in  which  no  two  sides  or 
angles  are  equal  to  one  another. 


Exercise  1. 

(a)  Define  a  triangle. 

(b)  Define  an  equilateral  triangle. 

(c)  Define  a  right-angled  triangle. 

(d)  Define  an  isosceles  triangle. 

(e)  Can  an  acute-angled  triangle  be  isosceles  ? 

(f)  Can  a  scalene  triangle  be  a  right-angled   triangle  ? 

(g)  Can  an  isosceles  triangle  be  a  right-angled  triangle  ? 

(h)  What  is  the  sum  of  the  angles  in  any  triangle  ? 

(i)    If  you  know  two  angles  in  a  triangle  how  could  you 
figure  out  the  third  angle  ?  "  "  you 

(i)   Would  it  be  right  to  call  an  equilateral  triangle  a 
regular  polygon  ?  ' 

(k)  What  is  the  hypothenuse  of  a  right-angled  triangle  ? 


A.'  if!.. 


OUAORFLATERALS 

A  quadrilateral  is  a  four-sided  polygon— in  other  words, 
it  is  a  plane  figure  bounded  by  four  straight  lines.  A  line 
drawn  to  join  up  two  opposite  corners  of  a  quadrilateral  is 
called  a  diagonal. 

If  a  quadrilateral  has  its  opposite  sides  equal,  the 
opposite  sides  will  then  be  parallel,  and  the  figure  will  be 
known  as  a  parallelogram. 

Any  parallelogram  that  has  90°  angles  (90°  is  a  right 
angle)  is  called  a  rectangle. 

Any  rectangle  whose  sides  are  all  equal  is  called  a  square. 

A  square  may  be  called  a  "regular"  polygon  because 
all  the  sides  are  equal  and  all  the  angles  are  equal. 

Whenever  two  lines  are  at  right  angles  to  each  other 
they  are  said  to  be  perpendicular  to  each  other. 

In  reading  over  the  above  geometrical  statements  try 
and  picture  in  your  mind  the  object  that  is  being  described, 
so  that  you  can  make  a  sketch  on  paper  to  show  the 
Instructor  that  you  understand  the  statement. 

From  the  above  you  should  be  able  to  define  in  your  own 
words  any  of  the  terms  if  required  to  do  so. 


OTHER  FORMS  OF  POLYGONS 

FIQ.  II 


Pentagon 


Hexagon 


Octagon 


A  five-sided  polygon  is  known  as  a  Pentagon. 

A   ix-sided  polygon  is  known  as  a  Hexagon. 

An  eight-sided  polygon  is  known  as  an  Octagon. 

In  these  three  classes  we  only  consider  the  regular  type, 
or  the  one  that  has  all  sides  and  all  angles  equal.  Fig.  It 
illustrates  these  forms  of  polygons. 


FIQ.  IS 


ln«orlb«d  polygona 


type, 
ig.  It 


Any  regular  polygon  may  be  inscribed  in  a  circle— that 
i«,  all  the  comers  will  fall  on  the  circumference  of  the  same 
arcle.  It  in  well  to  remember  this,  for  it  is  quite  often 
necessary  to  make  use  of  a  circle  when  drawing  t'  sc 
figures.  Fig.  12  shows  how  polygons  look  when  inscribed. 
FIQ.  13 

OOO 

CircumacriDod  polygons 

Fig.  13  shows  the  same  polygons,  only  they  are  circum- 
scribed, that  is,  placed  outside  the  circle. 


SOLIDS 

A  solid  has  three  dimensions— length,  breadth,  iind 
thickness.  The  most  common  forms  occurring  in  practical 
geometry  and  drawing  are  prisms,  cylinders,  cones  and 
spherCT. 

We  will  only  consider  the  right  prism.  The  right 
prism  is  a  solid  of  uniform  shape  throughout,  the  ends  Iwing 
polygons  of  the  same  size  and  clai«.  To  distinguish  between 
the  different  kinds  of  prisms,  t'  y  arc  named  according  to 
the  kmd  of  polygon  that  forms  their  end. 

Thus  we  have  triangular  prisms,  rectangular  prisms, 
hexagonal  prisms,  octagonal  prisms,  etc. 

A  rectangular  prism  may  have  a  square  end,  and  if  all 
three  dimensions  are  the  same,  and  all  faces  square,  it  is 
called  a  cube. 

A  cylinder  is  a  solid  having  a  circular  shape  throughout, 
and  each  end  a  circle  of  the  same  diameter. 

A  sphere  is  a  solid  commonly  known  as  a  perfectly  round 
ball. 

A  cone  is  a  solid  converging  from  a  circular  base  to  a 
point. 

A  pyramid  is  a  solid  converging  to  a  point  from  any 
polygon  base,  thus  giving  us  triangular  pyramids,  rect- 
angular pyramids,  hexagonal  pyramids,  etc. 
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LINES  USED  IN  DRAWING 

whrn  reading  a  blueprint.     More  deocmli  nn  .I,.-. 
u«,ha„a„v.«.er.hi„gwhe„Uc„l^rr4^^^^^^^^^^ 
cfcar.     F,g.  ,4  .how.  the  line.  .ha.  are  .UndarS  in  TZ 
work.     No  .wo  firm,  or  companic  u*  the  wme  line.  Z 
he  «n,e  purp<«e,  bu.  never.hele»  i,  i.  n„e«ary""  „ 

^«  be  uniform  and  consistent. 


'  Objtctlma 
■  Brolwi  |H« 
-  LlgM  lini 


FIQ.  14 
.rum  dirc«  view    ^^j    ,„  ?hl?       ""''  """  "'^  "•'''"" 

'  rcctiv   hv  .1,.   T         """"■•   tne  work   being  projected 
rectly   by  the   T-.quare  or  triangle.     Elten.lon   li„„ 


ita«.'"Ti  """",•»«'  '"  connecion  with  dlm«,doo 
™  ""J''*  .»"■'  "«  dimenMon  line  placed  between  the,. 

wild  o  T,^"  ""•""f  •"  '""«"""■'  ^'^^uZVll 
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FIQ.  16 


SKETCHING 

EMiy  In  thi.  courK  the  .ubject  ,,(  froehmnd  datching 
..  introduced,  and  you  *ill  doubtl«.  b«„me  aware  that  it  i. 
no  cy  uuk  to  produce  a  neat  drawing  entirely  freehand. 
Before  conwdering  more  diflicul,  model,  it  will  be  nece«ary 
to  .pend  a  little  Ume  .tudying  point,  that  will  help  you  in 
•ketchmg.  A  knowledge  of  .ketching  i.  exceedingly  u«/ul 
to  m«,  of  any  trade,  and  you  will  be  given  con.Unt 
practice  a.  you  progte«  through  the  courM. 

Method 

The  method  you  are  advi,ed  to  follow  from  now  on  i. 
the  broken-troke  method."  It  i,  called  thi.  on  account 
of  the  fact  that  the  line  i.  not  made  in  one  continuou. 
•troke,  but  m  a  Krie.  of  ..troke.  all  joined  together  into  one 
me  leaving  no  open  .pace.,  the  elbow  and  finger,  being 
frequently  adjusted  to  keep  the  line  forming  in  the  d«i«d 
direction.  (Nothing  but  diligent  practice  will  develop 
your  ability  to  make  freehand  drawings.) 

The  object  of  u«ng  these  short  strokes  is  to  enable  you  to 
correct  an  error  in  the  direction  of  the  line.  Ti,e  result  is 
that  the  general  direction  of  the  line  is  straight  even 
a  though  there  may  be  slight  error,  at  different  points 
along  the  line. 


PcncUt 

An  H  or  HB  pencil,  well  .harpened,  i.  mo.1  Mtiafmcloiv 
or  sketching.  Uam  to  hold  the  pencil  easily  and  n«",Sty 
in  a  manner  very  similar  to  that  UHd  in  writing 

Do  not  turn  tho  p«pw  to  «,it  the  direction  in  which 
t^'  w  n*"  ';""'     °''"°''  '"'^  «'  -"ovemr,  of 

dSn*™^^!,"-' """ """"- '" "'- «-  ■•"  -y 

It  is  quite  difficult  to  make  neat  circle,  freehand,  but 
by  putting  the  following  .uggestion.  into  f^  y^ 
should  obtain  satisfactory  results. 

Sit  upright  while  drawing  k,  that  you  may  better  get  a 
ctear  view  of  your  work  a.  a  whole.     Keep  your  he.^^* 
above  the  work,  and  you  will  find  that  you  L  dir^y™ 
Pencil  better  and  keep  your  drawing  in  propomTn  To 

point,  form  the  lower  half  in  I   ,  same  manner. 

Eierdte  1.    >.ke  a  sheet  of  common  paper  and  draw 
a  large  rectangle  about  1 2"  X  8- .ubdivideitlnto4".qua™ 

awat  ,'11°?  '^'  "*■"*  '™"'  """*  ""  the  squares.  Putting 
away  ,11  tool  except  your  pencil  and  rubber,  sketch  four 
o  the  square,  fui;  of  parallel  lines  about  ,V'  apart  Com- 
plete  the  exercise  as  suggested  in  Fig.  16. 

irJ.^^f^*'  ?■  T,"™"«  ""  '•"*'  "«'•  P«"'*  drawing 
f^hanrl  .ircles.  J' .   1".  ,J"  and  2"  in  diameter.    Draw 

^1"'T  ^'J^'J"  ^^'^  'o  "-ese  dUmeters,  without 
using  the  rule.  Do  not  hurry  these  exerd^s  through 
'00  quickly.  lor  they  are  important. 
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THE  USE  OF  THE  COMPASS 

The  compass  is  an  instrument  used  to  draw  circles  and 
ara,  and  to  obtain  good  results  it  will  be  necessary  to 
practise  carefully  and  have  the  points  in  the  best  possible 
condition.  The  lead  should  be  fUed  off  to  a  chisel  point  and 
the  length  of  the  lead  adjusted  so  that  the  leg  of  the  compass 
is  just  a  trifle  shorter  than  the  leg  containing  the  needle 
point. 

Suppose  we  are  to  describe  a  2"  circle.  (A'oie.— Describe 
means,  in  this  case,  to  draw.)  Taking  the  rule  in  one  hand 
and  the  opened  compass  in  the  other  hand,  close  the  compass 
until  the  points  are  exactly  1"  apart  on  the  rule.  Having 
located  the  centre  of  the  circle  by  a  point  on  the  paper 
place  the  needle-point  exactly  on  it,  piercing  the  paper  very 
lightly.  Now,  holding  the  compass  by  the  upper  end  with 
two  fingers  and  the  thumb,  begin  the  circle  at  the  lowest 
point  and  turn  the  compass  so  that  the  lead  will  describe 
a  complete  circle  on  the  paper.  The  aim  should  be  to 
produce  an  even  and  distinct  circle  with  one  rotation  of 
the  compass,  and  without  pressing  too  hard.  To  help 
obtain  these  results  use  a  slightly  softer  lead  in  the  compass 
than  is  used  in  your  pencil.  Do  not  slant  the  compass 
very  much  and  try  not  to  produce  an  unsightly  hole  at  the 
centre  point. 

Exercise  I.  Take  a  sheet  ol  paper  and  practise 
drawmg  circles  of  an  exact  size  until  you  havu  satisfied  the 


Instructor  that  you  can  handle  your  compass  properly. 
Cultivate  the  proper  methods  from  the  start. 

Now  that  you  have  learned  how  to  make  a  circle 
mechanically  it  will  be  well  to  study  some  of  the  terms  we 
use  in  connection  with  circles,  so  that  you  can  properly 
define  them  when  called  upon  to  do  so. 

We  refer  to  the  line  produced  by  the  compass  as  a  circle, 
but  in  reality  a  circle  is  a  plane  figure  and  the  line  referred  to 
is  its  boundary.  Keeping  in  mind  how  you  constructed 
the  circle  with  the  compass,  you  will  see  that  every  circle 
has  a  "centre"  point  and  that  all  parts  of  the  boundary 
line  are  the  same  distance  from  the  "centre." 

The  radius  of  a  circle  is  the  distance  from  the  centre  to 
the  boundary,  and  the  diameter  is  twice  the  radius  or  the 
distance  across  the  circle  at  its  largest  part,  that  is,  measured 
through  the  centre. 

Eiercise  2.  Draw  two  circles  each  2J"  in  dia- 
meter. On  one  draw  a  line  indicating  the  radius  of  the 
circle.  On  the  other  draw  a  line  indicating  the  diameter  of 
the  circle.  By  actual  measurement  compare  these  two 
lines  and  see  that  the  one  is  exactly  twice  as  long  as  the 
other. 

The  part  of  the  circle  referred  to  above  as  the  boundary 
IS  also  called  the  circumference,  often  described  as  the 
distance  around  a  circle. 

An  arc  of  a  circle  is  any  portion  of  the  circumference  of 
that  circle,  and  if  the  arc  is  placed  so  as  to  connect  two 
straight  lines  it  is  called  a  "fillet." 
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Fig.  17  gives  an  illustration  of  how  these  arcs  ate  used 
to  connect  the  straight  lines,  both  for  fillets  and  rounded 
comers.  They  arc  very  common  in  Se  construcUon  of 
machinery  and  castings. 

The  most  pracUcal  method  of  locating  the  proper  centre 
pomt  for  a  fillet  is  by  trial.  Use  the  small  bow  compass 
and  work  very  lightly  until  you  have  located  a  point  that 
■will  place  the  arc  exactiy  where  you  want  it.  In  cases 
where  fillets  are  required  draw  the  straight  lines  faintly  at 
first,  then  place  the  fillet  distinctly,  afterwards  going  over 
the  straight  lines  and  joining  them  exactly  to  the  fillets 
and  making  them  the  same  shade  or  density.  Aim  to  have 
the  fimshed  work  so  uniform  that  there  is  no  abrupt  dif- 
ference in  the  lines  drawn  with  tile  compass  and  witii  tile 
pencil.  Here,  again,  considerable  care  and  practice  is 
required.  Furtiier  on  we  will  find  a  metiiod  shown  for 
locating  tile  centre  of  a  fillet  for  a  right-angled  comer,  using 
a  geometrical  construction. 

It  is  customary  to  place  a  centre  line  on  all  views  of  an 
object  that  is  round.  For  example,  in  Fig.  17  tiie  object 
shown  tiiere  is  round  when  viewed  from  tile  end;  tiius  tile 
centi-e  line,  made  of  dashes  and  dots,  is  drawn  tfirough  tiie 
centre  of  the  view.  In  drawing  end  views  of  this  class  of 
objects— m  fact,  whenever  a  circular  view  is  drawn— Mio 
centre  lines  are  used,  the  one  being  at  right  angles  to  the 
other,  intersecting  at  the  centre  point  of  the  circle 
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DEFINITIONS 

to  ensule"^"'  *"""""  "'"''"^  '"  ""  '^'^^^  ""■*'  "^  ""'™-«f'''y  """erstood 
A  Point  has  position  only. 

A  oll*,''^'  ''"*^'''  ''"'  ""  '>™''dth,  and  the  ends  of  a  line  are  points 
A  StnUaht  Line  is  the  shortest  distance  between  two  points. 
An  Angle  is  the  inclination  of  one  straight  line  to  another. 
t»n  .^V-         *^*'*  ''  ■""?'  *''™  °"'  '"^'«'"  ""'  '^^"^'"e  ""  another  makes  the 
I^riXalTgir   "  ""       "■     ""  """'"  "^^  """  ^"^^  ""  «""'•  *»*  <"  '""» 

Parallel  Llnea  are  the  same  distance  apart  at  all  points  on  their  length,  and  would 
never  meet  if  produced  both  ways. 

A  Trianjle  is  a  figure  enclosed  by  three  straight  lines,  or  sides.    The  sum  of  th 
angles  of  any  triangle  is  equal  to  180  degrees. 

which  f^^,!"^"*"''  ^'^  ««'"•'=  '"'^^"^  by  four  straight  lines,  the  most  common  of 
The  Square,  which  has  all  its  sides  equal,  and  all  its  angles  are  right  angles. 

right  angl^  ^"^  '"  °'""''"  ^'^''  '""■''"^'  '""^  ^''^''  ^"•'  "*  »"«'« 

A  Diagonal  is  a  straight  line  joining  two  opposite  angles  of  any  Bgure. 
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DEFINITION&-(Conti„ued) 

that  alfs^!^:lVL:s"d':*a^rrrmtceL-rJ,'"r"?'  '"*  --"f-nce,  and  i.  such 
are  equal  ,„  „„e  ano.her,  andZ  po"      "S  T'c"  f  'T'^  "  *'  circ.„,fere„ee 

:^i  ^  is  ^J':XTeZZT  "  ""'  •"'"""^^  '"■"  '^^  -'-  to  the  circumre.„ce  and 

The  Arc  of  a  circle  is  any  part  of  the  circumference 

shaded  portion  of  the  drck  )  ""'"  ""'"•"«'  ^^  '"'  arc  and  its  chord.     (Sec 

a  ...rtJT.%iZl  ^i^t;:^  rt  °'^r'-  ^"  -^-^  --inin,  ,0  de.ee.  i. 
A  Hexagon  is  a  six-sided  fi^re  having  a„  its  sides  and  a.l  its  angles  equa, 
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"LANE  GEOMETRY 

The  following  problems  ii.  Plane  Geometry  will  often 
be  found  useful  in  the  shop  when  marking  off  castings  or 
forgings  for  machine  work.  They  will  at  the  same  time 
afford  practice  to  the  beginner  in  the  use  of  the  necessary 
equipment  for  drawing. 

The  plates  to  be  drawn  in  this  course  will  consist  of  a 
rectangle  measuring  17  ins.  X  11  ins.  divided  into  twelve 
smaller  rectangles,  four  across  and  three  down.  One 
problem  is  to  be  placed  in  a  central  location  in  each  division, 
with  number  of  problem  placed  at  bottom  of  that  division. 
Number  of  plate  is  to  be  placed  at  top  of  drawing  at  the 
right  side,  and  name  and  station  must  be  placed  at  right 
bottom  corner  of  plate. 

All  given  lines  and  points,  and  all  lines  and  points 
required  to  be  found,  must  be  drawn  heavy.  All  con- 
struction lines  must  be  shown,  but  drawn  lightly. 


To  proceed  with  Plate  1,  lay  off  rectangle  mcasurinc 
17  ins.  X  II  ins.  as  before  instructed,  dividing  same  into 
twelve  divisions.  Turn  to  Problem  I  in  this  book,  read 
directions  for  drawing  same  carefully,  and  proceed,  per- 
forming each  operation  in  its  proper  order.  It  is  not 
necessary  that  you  show  any  dimensions  or  letters  on  any 
problem  in  Plane  Geometry.  Draw  each  problem  as  large 
as  can  possibly  be  placed  in  the  division.  The  larger  they 
are  drawn,  the  more  accuracy  will  be  obtained. 

After  completion  of  problem  print  the  word  PROBLEM 
and  its  number  underneath  in  letters  ^  in.  high. 

Complete  Problem  2  in  the  same  manner,  and  so  on 
until  end  of  Prnblem  12,  which  completes  Plate  1,  which, 
after  having  been  marked  with  your  name  and  station, 
must  be  carefully  filed  away. 
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a  , 


:/^ 


P«OS. /. 


.wo'^u"Z.';.    '"'  ""''  '  '"'"  ""«>"  «"'  AB  i„,„ 
centre  and  the  sanTSd^,  It^!!  ''"°*"-    ^^h  «  « 

Bc,'^e!:cTa'p.r^:ruir''  ■"'■"  ^ '-  '-^  ^'^  '■•- 

Solution:    With  a  -,= 

ui«LandABatDandE.    With  D  and 


PROS.  2. 


Pftoa.  3. 


-ep.n.A.  Thi,LeJA':r;:XtrrBr" 
tHe  "ne'^'dral^a^^^'pet'd"  T  "'  "^^^  ""=  ""  <" 

Soluaon:    With  ^ "  ™"'" '° '"' "- AB. 
radius  describe  an  arc  DE     wV^I.^""^  ^"*'  ""anient 
same  radius  cut  the  arc  DE  at  F     ur^v  ?■  """^  ^""^  "'e 
the  arc  DE  again  at  H  an,)  a       -u  '^  ^'  ^  "^™tre  cut 

H  as  centre  descrite  the  art  L?un  'T""'  "'  '^'  With 
'■■-  from  the  pom.  C  t„  the  '^"o^  "",  '''^^  '  ^'"i^h. 
cut.  The  line  OC  will  i  nT  \.  '^^^'^  ""^  ^  «"<<  K 
and  the  angle  OCA  "ill  l!^a':S^"at;re      '"  '"^  ""'  ^« 


H- 


PROS. -4-. 


PROB.5. 


Problem  4.  This  problem  shows  a  second  method  of 
solvi-^  problem  3. 

Solution:  From  any  centre  O,  with  the  distance  OC 
as  radms,  describe  a  circle  cutting  AB  at  D.  Through  the 
points  O  and  D  draw  a  line  cutting  the  circle  at  E.  Draw 
a  straight  line  joining  E  snd  C,  and  this  line  EC  will  be 
perpendicular  to  the  line  AB. 

Problem  S.  Upon  a  straight  line  AB  to  erect  a 
square. 

Solution:  From  the  point  A  on  the  given  line  AB 
erect   the  perpendicular  AC.    With  A  as  a  centre  and 


PROB.6  . 


AB  as  a  radius  cut  AC  at  D.  With  the  same  radius  and 
D  and  B  as  centres  describe  two  arcs  cutting  each  other 
at  E.  Jom  ED  and  EB,  and  the  figure  ABED  will  be  a 
square. 

Problem  6.  Through  the  given  point  C  to  draw  a 
Ime  parallel  to  the  given  line  AB. 

Solution:  In  AB  take  any  point  D,  and  with  D  as 
a  centre  and  DC  as  radius,  describe  the  arc  CE.  With  C 
as  a  centre  and  same  radius  CD  describe  the  arc  DF 
Measure  EC  and  make  DF  equal  to  CE.  Through  CF 
draw  a  line  HK,  which  will  be  parallel  to  AB. 
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PROS.  7. 


from  the  line  AB  ^  "  ^  «'™"  •"«^''«  XY 

describe  thearcsHandKn     '""'.'  ^^  ''  "'^''^'  ■■">d 


PROS.  8 . 


PROB.9. 


ABC.  ■'°'"°^^"'' ""Sine  will  bisect  the  angle 

Bc'^fir  :•«:--=/■-  Po'nt  A  on  a  given  line 
the  given  line.  ^  ^"  ""^'"^  »'  "  degrees  *ith 

With  V  as  a  eent^  ::a  2 :::z^  :::r^:^ 

wilfbe  X'l  "of    Me^r "^-  ^'  -"  '^--^  C^^ 


Ul  i 


26 


PROO.  ;o. 


PROB.  1 1 . 


Problem  10.  With  a  straight  line  AB  as  a  base,  to 
construct  an  equilateral  (equal-sided)  triangle 

Solution :  With  A  as  centre  and  AB  as  radius  describe 
the  arc  X,  and  with  B  as  a  centre  and  the  same  radius 
i^ocribe  another  arc  Y  cutting  X  at  O.  Join  AO  and  BO 
and  the  triangle  ABO  will  be  an  equilateral  triangle. 

Problem  11.  On  a  straight  line  AB  to  --nstruct  a 
hexagon. 

Solution:  With  A  and  B  as  centres  and  AB  as  a 
radius,  describe  two  arcs  cutting  each  other  at  O.  With 
O  as  a  centre  and  the  sime  radius  describe  a  circle  passing 
through  A  and  B.    With  the  same  radius  and  starting  from 


PROO.  12. 


B,  mark  off  four  divisions  on  the  circumference  of  the 
circle  at  C,  D,  E,  and  F.  Join  BC,  CD,  DE,  EF,  and  FA 
and  the  figure  ABCDEF  will  be  the  required  hexagon. 

Problem  12.  Draw  a  hexagon  outside  of  a  given 
circle  by  means  of  tee-square  and  set-squares  (60  degrees). 

Solution:  Using  the  tee-square,  draw  two  horizontal 
lines  touching  top  and  bottom  of  circle.  Place  the  60 
degree  set-square  on  edge  of  tee-square  and  draw  sidelines 
DC  and  AF,  touching  outside  of  circle.  Reverse  set-square 
and  draw  the  lines  EF  and  BC,  also  touching  outside  of 
circle.  The  figure  ABCDEF  will  be  a  hexagon.  This 
method  is  most  commonly  used  in  drawing  a  hexagon. 


-,■'< 


P«OB.  la. 

•Oree  given  polm,  A  B™„dT'  "  "''"  '°  '"»'  "'™'""> 

as  radius  d«cribe  a  chrle 'wh^T     ,,     '  ""'™  *""'  OA 
thr^  given  points  ABC  """  "^'^  ""raugh  the 

n„J^'"f'"  "•    "r"   divide 
number  of  equal  pans. 

Example:    Divide  AB  into  5  equal  parts 

e.uar;irdral°trt^Tt  "", '^^  '""'  '^- 

Poim  A,  with  compasses  it  a,  »1  ^"^J"^'^-    P">"'  the 

divisions  on  the  linV^  ?„/•  ^">' "d,us,  mark  off  five 

'ine  AC  and  jom  the  fifth  to  B.    Draw 


straight    line   into   any 


angle,  a"rABL^d''r"wXutr   """/"""  "   "«•" 
a  point  D  on  BC.  '*'  ^"^  '"'"'ng  them  fiom 

Solution;    With  n  » 

describe  an  arc  Eon  the  line  AB^T-k'^"  "'^  ''  "d'"» 
and  same  radius,  describe  ™sX  a!^  v  ^  '""  °  "'  «""« 

s°ng^:^^^rE^™-=c:^: 
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PLANE  GEOMETRY-(Continued) 
The  following  problem.  In  Plane  Geometry  are 
combination!!  of  thoee  previously  given.    There 
•re,  therefore,  no  (ketches  or  explana- 
tions shown 
Problem  16.    Draw  an  angle  of  30  degrees. 
Problem  17.     Draw  a  circle  and  construct  within  it 
an  equilateral  tnangle,  each  comer  of  which  touches  the 
circumference  of  the  circle. 

Problem  18.  Construct  a  hexagon,  with  tec-squans 
and  set-squares,  measuring  2  ins.  across  flats. 

Problem  19.  By  means  of  principles  illustrated  in 
problem  14,  lay  off  the  radii  of  two  gear,,  whose  diameters 
bear  a  ratio  of  i  to  2. 


Problem  20.    Construct  an  angle  of  75  drgrccs. 

Problem  21.  Locate  a  point  on  the  line  AB  which 
shall  be  equidistant  (an  equal  distance)  from  the  points 
D  and  C,  point  C  being  3  ins.  above  one  end  of  line,  and 
point  D  1  in.  above  other  end  of  line. 

Problem  22.  Construct,  without  using  tee-squares  or 
set-squares,  a  rectangle  measuring  3  ins.  x  2  ins. 

Problem  23.  Locate  centre  of  a  given  circle  3  ins.  in 
diameter,  as  if  unknown. 

ftoblem  24.  Within  an  equilateral  triangle  having 
3-inch  sides,  construct  a  circle  whose  circumference  touches 
each  side  of  the  triangle. 
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EXERCISE  No.  1 

„r  1'   ,''"rv  *'"'  "''„"'^"'  '"'^"  ^»" '■'«'■  ""definition. 
o(  word.,  Diameter,  Radiu.,  Diagonal,  and  Degree. 

4,.^„f """'?"  "'■«'"  *"Kie.  and  mnrlc  off  angle,  of  (»•, 
*j  ,  JO  ,  and  15  . 

3.    Draw  a  line  3Ji"  long  and  divide  it  into  nine  equal 
part,  without  ux  of  arale. 

JV^'.n*?!!"™.'  "    "■«';'-f"K'=  '"""8"'.  Iw^e  measuring 
J)4  ,  and  hypothenu.»  4?;^". 

5.     Construct  a  Kjuare  having  a  diagonal  of  2»4"  long. 
2M"  lon^g'""""^"'''  "  "'"'''  "'""'  ^  '"*"*'*  ''^™«  "<''» 


7.  Draw  a  .emi-circle  having  a  radiu.  of  lU"  and 
divide  this  into  angle,  of  15°  each. 

8.  In  ,-,1,  angle  of  60°,  draw  a  fillet  with  a  1}<"  radiu.. 
of  3?;     ^°"''"":^  ""  equilateral  triangle  having  an  altitude 

and'Jo'  '^°"'""'''  "  '"^"K'e  containing  angles  of  90°,  60°, 

diago,;ai?K"''l™;;  ^"'^"'"'  '■'"""»  ""^  2>^"  "»•«  "■«' 

IJ.    The  perimeter  of  a  triangle  is  7^".    Draw  ume 
marking  length  of  each  side. 
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EXERCISE  No.  2 

1.    On  a  line  IH"  lonj  construct  a  hexagon. 

J.    On  a  straight  line  2"  long  construct  a  square. 

J.    Construct   an   octagon   within   a   circle   2}i"   in 
diameter. 

<«.     IJraw  a  fmrr-sidnl  figure  having  a  diagonal  of  4" 
long  and  sides  measuring  2",  2}4",  2%",  and  3"  long. 

5.    Construct   a   pentagon    inside   a   circle   2W"   in 
diameter. 

,„  ,*■  ,5°"""""  *"  '"'P'*  '"''<*«  3  rectangle  measuring 
3"  by  2"  (any  method).  ' 


7.    Within  a  triangle  having  sides  J",  2Ji",  and  2H" 
long  draw  a  circle  tangent  to  each  side. 

,..*".„ *;!°""''"'^'  "  '""-"dKl  figure  havino  anvlet  of  to' 
75°,  105  ,  and  120°.  '■ 

y.    Construct  a  triangle  having  an  altitude  of  2"  and 
angles  of  60°,  45°,  and  75°. 

10.     Lay  off  a  radius  of  two  gears  whose  diameters 
na/e  .-'  raiio  of  ?  to  3, 

U.    Construct  a  rectangle  having  a  diagonal  of  3H" 
long  and  sides  are  in  ratio  of  2  to  1. 

12.    Construct  an  angle  of  135°. 
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MECHANICAL  DRAWING 
Projections 

menu'  "Z'Z  7"^"  "'"  l""  "''  "'  """^"^  -"  i"»'™. 


.h"  HoH::„  Jpirne':''"^^  ^^^  ""'-''  -  "-^  Verti.^,  and 

.he ''^an  "\"d"""'!)  ''"'"'  ''  """"  ^  "^  ""own  a. 
When  irj^pjiXl-ral:^-  '»  -" 
Other  views  upon  different  planes  are  frequently  used 

-me,  and  can  easily  be  foUowedttrwh:!,  1:^^  "" 
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-L. 


H.P. 


riG.ia 
RepneecNTs  a  plantsurpac? 

To  illustrate  the  methods  used  in  projecting  the  plan 
and  elevation  of  any  object  upon  a  plane  surface,  proceed 
as  follows; 

Take  a  sheet  of  paper  (see  Fig.  18)  and  fold  it  in  two, 
so  that  when  lixiking  at  it  on  end  the  edges  form  a  right 
angle  (see  Fig.  19). 

The  junction  of  the  two  planes  is  called  the  ground 
line,  and  in  this  case  is  represented  by  the  line  XY  in 
Figs.  18  and  19. 

The  object  used  in  the  first  lesson  is  what  is  called  a 
cylinder,  and  is  similar  to  a  round  pencil  before  being 
sharpened. 

Place  yourself  directly  in  front  of  the  two  planes  in 
their  proper  position,  and  hold  this  cylinder  so  that  its 
centre  line  or  axis  is  parallel  to  the  Vertical  Plane  (V.P.) 


riG.i© 

RCPRCSCNT6  THE  V.P.  AND  H.P.  WITH 
OBJECT  IN  rRONTOrv.P.ANO  ABOVC  MJ». 

and  at  right  angles  to  the  Horizontal  Plane  (H.P.).  Hold 
it  so  that  it  is  just  a  short  distance  in  front  of  the  V.P.  and 
a  little  above  the  H.P. 

Looking  at  this  object  from  where  you  are  now  (from 
the  front)  you  see  the  elevation.  This,  it  will  be  noticed, 
consists  of  two  long  vertical  lines  representing  the  sides  of 
the  cylinder,  and  two  short  lines  at  top  and  bottom  repre- 
senting the  sides  of  the  cylinder,  and  two  short  lines  at 
top  and  bottom  representing  the  ends,  all  four  lines  forming 
a  rectangle  same  length  and  width  as  the  object,  and 
shown  on  the  V.P. 

Still  keeping  the  object  in  the  same  position,  look  down 
upon  it  from  above,  when  all  that  will  be  seen  is  the  end 
of  the  cylinder,  which  is  represented  by  a  small  circle 
drawn  upon  the  H.P.,  and  is  the  plan  of  the  cylinder  in  its 
preaent  position. 
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.s  seen  .„  Fig.  20  would  have  been  the  rult  "'^"^  '"'^"^^  ^^^i"'  »  drawing  a, 

exp.ainL';i,t,r.,"^.hretatn\'„d  rr'  '^  """i-  '-'  •"><"■  '"^  V.P.,  a,  already 
«  called  the  plan.  '  *"''  "" ''"« '"8  made  below  the  line  XY,  in  the  ap![ 

a^  thi:  rdttaT;raUt:ttt.i^'^;^  ^B-sr  °? "-  -"■'  "■=  ''-•-• 

^..h  th^e  d^tances  the  cylinder  wafheld  .-nt^ro^f  L^i^ e^?r  ^i^L^™"'' 

'rr^-^r ""  '""^^^-on  In  ^bir.^^'t't:"^!''  'r  ^"  ■"'■"  --"'  ^  very 

.he  two  Planes,  and  represented  in  the'se  "pc:L™„  ^  fl^HX™'  "<  -<•  abo^ 

fK-m  U.e rXt'the  :trr  The!^  ;;->LVr"  ""■-  ''"-'^"'■''■•"-  -  drawn 
.0  the  ground  line.  ^  Projection  Imes  are  always  drawn  at  right  anX 

should  be  running  though  its  centre.     Emb^Wn "'h  °  '""    '"  "^"*"'  ""=  «"'«  "ne 
the  drawmg  would  appear  as  shown  in  Fig  2^  '^'""  '"'°  ""  '^='  P^Wem. 


riG.eo 


'"•e.ai 
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It  might  be  of  advantage  to  enumerate  at  this  stage 
the  points  which  have  been  brought  out  when  following 
up  the  explanation  and  drawing  out  of  this  example,  as  they 
are  common  to  all  mechanical  drawings  and  should  be 
thoroughly  understood. 

1st.  It  has  been  shown  that  upon  a  paper  representing 
a  plane  surface  two  views  have  been  drawn,  each  on  a 
dmerent  plane. 

2nd.  The  names  of  these  planes  are  the  Vertical  and 
the  Horizontal,  and  upon  them  have  been  drawn  the  views 
known  as  the  elevation  and  the  plan. 

3id.  The  ground  line  (XY)  is  the  intersection  of  the 
two  planes. 

4th.  The  distance  the  views  are  clear  of  the  ground 
Ime  shows  how  far  in  front  of  and  above  the  two  planes  the 
object  has  been  placed. 

5th.  One  view  alone  does  not  show  the  shape  of  such 
an  object,  but  the  two  have  to  be  considered  together. 


6th.  Projection  lines  from  one  plane  to  another  ensure 
that  views  are  projjerly  placed. 

7th.  Two  centre  lines  at  right  angles  to  each  other  are 
required  for  circles,  and  one  centre  line  for  cylindrical 
objects. 

To  convey  a  correct  idea  of  the  position  of  any  object 
It  IS  necessary  to  deBne  the  position  of  it  in  relation  to 
the  dmerent  planes. 

For  instanre,  in  the  example  given,  the  position  of  the 
cylinder  (represented  by  a  model,  or  a  round,  unsharpened 
pencil)  IS  that  its  centre  line  (or  axis)  is  parallel  to  the 
V.P.  and  perpendicular  to  the  H.P. 

A  little  study  of  each  position  is  necessary,  preferably 
with  a  model  in  hand,  before  attempting  the  first  lessons- 
afterwards  they  can  be  seen  in  imagination. 

Applying  the  same  principles  of  projection  as  explained, 
the  following  objects  placed  in  the  positions  named  will 
afford  good  drawmg  practice  and  drive  home  the  lessons 
(see  Fig.  22). 


A-CYLINDER 
B-RECTANGULAR  PRISM 
C-TRIANGULAR  PRISM 
D-PYRAMID  WITH  SQUARE  BASE     "t~ 


m 


B  C 

FIG.  22 


u 


If  i 
t  1 


.Hen  i  J:S;r;::S  ^f^  --^  — V  .e  ..pe  „,  .He  „,„.  .ve„ 

aotted  line  as  shoira  in  Fig.  22. 


PROBLEM  1 


parallel  to 


.        Solution:  Firs,  dra,v  the  ground  H^.  vv     ,    ^  '"•  "'^^  °'  '»"'  P'^"es. 
2  .ns.  from  bottom  of  division,  in  orier  tha"  he  I'     '"  "j'  ^"^  "•"  should  be  -bout 

,.„..,5!f"-'"'-"dvorthepositi:t'Jt!r!'^---''^'^^^^ 


After  a  careful  study  of  ihe  position  „    '!!    ^'™'*  "*  ""'"">■  '°«'«1-      " 
a  «,uare  the  same  si«  as'end  of  p""  'm   ThisT.h  '  "^"  ""  '""'"'  "■"  '"-^  P'-  «  --ply 
«  .n.  clear  of  the  ground  line.     Next  bv  m«       r       '''■^*"  ^^  ='""™  »'  ABCD  Td  is 

Note.    Object  lines  Ithr.  Irawing  ,s  completed. 

Hnes,  should  be  irawi't  lea"^.  TeXi'''"".°^""  o"'-'.  --"-S  dotted 
and  ground  lines,  are  drawn  in  lightly  "'■  P"^'^"™  "nes,  construction  h"^ 


PRpB.  I 


u 


PROBLEM  2 

sion.  The  elevation  which  mustfir,/^^-  '  "u-^*""'  ^  '"''  '"■'""  "-^  '"P  "'  ">=  divi- 

witho„e.idepa.a,i;,';ot7l"L'^.'™.^:*';r.X'lB"c'^t^ 

must  then  be  drawn  down  from  Dointa  A    n   I!,??-       J^  by  ABC.    Projection  lines 

.o™t  the  p,an.    After  ^awr„^nroL-^Lta!^^t1r^^^^^^ 

.0  .He^pt-JiLe^triint-    ra£rre°„'.r^""''"'  *"  "'  "-  '=  -""" 

centre  ^tp"raneHo"tIe''vr^'dts™bl:r  ■°'  '  Tr'^'"  ^  '<"'"=  ^--     - 
base  is  parallel  to  the  V.P  '  "  '^""''  '"  ""  "•"•    One  edge  of  the 

paralleK'"H.P  andThe'sMe  I's/'tTt"  °'  "•  '™"^'"  P"™  ""en  its  base  is 
e  n.r.  and  the  side  closest  to  the  eye  is  parallel  with  theV  P 

paralleHrril;.  ^^^^^^^^  ^/ --"  P''^™  when  its  base  is 


PROB.  a 
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PROBLEM  7 

Draw  .he  line  AB  to  repLe^  the  baXlfned  a,1n  h"'  'f ""  ""■"  "*  '''^*^  «"'■ 
Next  mrn  set-square  over  and  drawX  ,  "   m  -   ^^^'^     ■''  ««-«l"are). 

make  it  at  an  angle  of  60  degrees^th  the  L?.^d  r  ^^  lf"f''V  ^^'  '^''"'^  *""'<' 
draw  li.  e  EF  parallel  to  CD^^rrL  off  he^^Tn  T".  ,"''  ^l'"'"*  "'  P™""  ^-'d 
After  obieet  line,  have  been  ^^l:!:::^:^::^::^,;^^^  *"^  ^«- 

.ion  .inI:atThtn%t:^t.tLl"\'Kn'lt'r'''''^T'^''''''°' •>''»-  ''"i- 
down  upon  the  object  are  drawn  inZlt^T  ^^"u,    •-'""  "'">'«  "'«"  '«>W"K 

A..r  obiec.  hnesU  betnTrt  h-^^rx;:!:^^^^^^^^^^^^^ 


iff 


PROB. 7 


PROBLEM  8 

of  ba«=  „  parallel  to  V.P.,  and  centre  line  i.  al»  paralleU^hrv  P  '         "^'" 

Next  drtn;e!;rArr„rrat"^'itr4^:x?r^ 

pyramid,  2H  ins.  Draw  CD  at  right  aX  to^B  ,„  L  "^  lay  off  upon  .t  height  of 
.0  the  proper  size,  ,«  i„..    ;„;„  i^  /j'^^-.^^^  rpSreJev'a^  """  ■"""  '" 

D  in  thl^ietln!' Mtt'ofonthriireTand"/'^-  ^"'  ''"'"^'  ^  '^  "^  '""" 
line,  down  from  A  and  C  in  the  ekvitL  ul;  f^T""""  *"!•"'  °'  '"'"■  P"^*' 
joining  HI  and  GJ.    Lines  must  now  h^^r  ^™"«.'^'  tee-square,  lines  are  now  drawn 

After  drawing  in  ilobiriirhZXfrarXXretf^'^^'  ^"'  ^^  •='• 
Pa^fTlr^.^  a^Sl^rts:^;  — f- ^  -  1.  use  is 

makes  rTa'n^^^^^ViTthTht  hTZ  "'  "J"^"^'^'  ""'■"  ""-  "^  "<>« 
uegrees  with  the  H.P.  and  one  edge  is  parallel  to  the  V  P 

Us  cent^rme"i"iin5ra'n'T„:i:' f  4T;'°"  "'  '  T™"  """  "  ^'^"^  "--•  -"" 
and  the  diagonal  ac™:f  i^  Z::^::'J^^Zlt^^-"  '"'"'  '"  '^^  ^■''■■ 


1^ 


PROB.d 


Hitherto  these  lessons  have  only  considered  the  drawing 
of  objects  when  seen  from  the  front  (front  elevation)  and 
from  above  (the  plan). 

Frequently  these  two  views  are  insufficient  to  convey 
a  clear  meaning  of  the  shape  of  an  object,  in  which  case 
there  are  two  more  views  sometimes  used  and  which  we 
will  now  consider,  namely,  the  side  elevation,  frequently 
called  the  end  view,  and  section  views. 

An  end  view,  as  the  name  implies,  is  what  is  seen  when 
looking  at  the  end  or  from  the  side  of  the  object.  In 
drawing  an  end  view  (or  side  elevation)  project  it  from 
the  front  elevation  or  vice  versa,  as  best  suited  to  the 
particular  case  under  consideration.  This  saves  time,  as  it 
is  usually  only  necessary  to  take  measure.nents  for  one 
view. 

The  following  drawing  of  a  hexagonal  prism  shows  plan, 
front  elevation,  and  side  elevation.  The  plan  is  drawn 
first,  projection  lines  are  then  brought  up  for  front  elevation 
and  length  of  prism  marked  off.  The  side  elevation  is 
shown  to  the  right,  and  is  drawn  by  projecting  lines  from 
front  elevation  to  shuw  height,  and  taking  width  across 
Hats  from  plan.  The  two  lines  XY  mark  the  divisions 
between  the  three  planes. 

To  draw  the  plan,  the  object  is  looked  at  from  above, 
as  shown  at  A.  For  the  front  elevation,  the  object  is 
liwked  at  from  the  front,  as  shown  at  B,  and  for  the  side 
elevation  from  Ihe  side,  as  shown  at  C. 


c  — 


A 


♦-B 


T 
m 


FIG.  23 


A  «ction  view  .how.  what  i.  ^en  when  tl,e  object  is 
.uppo«d  to  be  cut,  usually  through  the  centre,  leaving  a 
level  surface.  * 

The  following  example,  showing  a  rope  drum  for  trav- 
elling crane,  illustrates  method  of  showing  section.    The 


front  elevation  and  end  view  are  given,  the  former  beine 

would  be  drawn  first,  and  all  diameters  projecte,!  over  into 
Iront  elevation  by  means  of  tee-s<iuare. 


SECTION  THROUGH    A.  B. 
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PROBLEM  13 

Draw  plan,  front  elevation,  and  side  elevation  of  a 
hexagonal  pnsm  measuring  Vyi  i„,.  across  corners  and 
i  ms.  long,  when  it  is  in  the  following  position: 

,h    h"p"^I!'  '"  f  ""'■  '°  "■'  ^■^■'-  •»«  «  I»""'l  to 
Ihe  V  P  '"  °'  '*"  '■''''  ""  "  "*'"  '"«'"  '" 

Solution !  First  draw  two  ground  lines  XY  at  right 
angles  to  each  other  to  represent  division  of  planes.  Next 
draw  plan  and  front  elevation. 

To  draw  side  elevation,  take  tee-square  and  pr-.ject 
(rom  front  elevation)  top  and  bottom  of  prism  to  side 
elevation,  as  shown  at  A  and  B. 

Next  pioject  points  C,  D,  E,  and  F  from  the  plan  over 
to  the  vertical  ground  line  XY.  From  here  project  (by 
usmg  compass  with  point  where  ground  lines  cross  as 
centre)  these  points  up  to  horizontal  ground  line  XY,  from 
where  they  are  projected  up  to  form  sides  of  prism  in  side 
elevation. 


wuh  .■d'^Twid;  'cJ^rLfrjr  ^xtj'/  '-^-^i- """"  ^^  ■■-■  "-^ 

U  paralle,  w.h  V.P.     D„w  plan-l^atd  Iftr'of'^.TnrrB""-  """  ""'"  "" 
on  th.  lin.  AB,  which  i.  I  i„.  lleTcw  Ln,re7p.an   ™  """'  "'™"™'  """""'"^  •«"™ 

and  .  ^^i^h^ZZX^IZZ^X^Zmi-r^"  "'"-  ^^  '"•■  "- 
showing  length  of  pipe.  """twr  oeing  i>i  in«.    Show  a  section  on  view 

pn-sn,  ::^X"h  iZ':'L^i^:^7ifr  f "'™"°"  °'  -  -'»^-' 

to  the  V.P.  and  oneof  it,  ZT^l  ,     Z  '°"«'  **■'"  '"  «'"™  ""«  «  Parallel 

parallel  to  the  HP  """'"  '"  ""*"  °'  «  '''8^^  *'">  'he  V.P.    Its'base  is 

Which  .^'r,.tga„^rhafal^°?Ltr''°"'  ""V"''  "'™"°"  "'  ^  Pyramid 

V.P.  and  makes  an  a'gle  of  «  de^e"  w^tMhelf  p' A  if  ""Th"""  ''  ''"^""  ""  "■= 

"  at  right  angles  to  the  V  P      S  a  ll,  /^°"^'  '''^*"  '"^""»  ">-  l^* 

pyramid.    Through  this  poi^;  d^awa  hori  ™  J  lin"  AB     SH^  •"■  k'T  '"""  ""'  ■" 
on  the  line  AB.  nonzontal  Ime  AB.    Show  m  the  plan  a  section 

long,  ^^^1^rs^z:^,!::r-f7'^  ^-^  -"^  r-'™  ■"  ^  ''^"™''  ^  -• 
^ee^  with  the  V.P. ,..  ,.3e  ^z^^ii^^:  :i:^x—^ :! £ 

The  following  five  pages  contain  probleiiTs^projections,  with  one  view  shown, 
and  project  from  it  the  miaung  view. 


P^OO.IS 


The  student  will  draw  this  view 
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RETCTANJgULAR     PRIRM 

HEIGHT    3"     BAaC    l4" 


DRAW 

CLCVATION 

HERF 


DRAW  PLAN 
HERC 


DRAW  PLAN 
HERE 


HEIGHT     3"       B-,8C     .*" 


DRAW   PLAN 
HERE 


DRAW    PLAN 
HERE 


Efe,.v 


SQUARE       RYRAMID 

HEIGHT   8"  BA9C   l^'sQUAnc 


DRAW     EUEVATION 
HERE 


DRAVy       PLAN 

here' 


DRAW   •  PLAN 
AND     DETERMINE 
ANGLE     OF    BASC 
TO     THE     VERTICAL 
PLANE 


•.?'     f 


OR  AW 
PLAN 


HEIGHT    a"  >^.4- ACROSS  ruATS        ~ 


DRAW 
ELEVATIO/M 


DRAW 
PUANI 
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CONE 


CYI-INOE.R  HOUL.OW  RING 

CYUINOER 


ORAVA/ 
ELEVATION 


— z 

f 


DRAW 

EMD 

VIEW 


QR/VW 
PUAM 


DRAW 
PL  AM 
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After  practiMng  the  following  five  exerd*.  ar«„™ 
them  neatly  on  .tandarf  sheet  '^  «"a««  arrange 

and  one  side  s  parallel  to  thp  V  p     JC^T-        .  ""^  "•*^- 
Pri«n  are  2J"  x  If'Tr  •'  :         ''*  dimenaon.  of  the 

cyliSr^xTl"^;-   ''"^'P'^^'^^^evation  of  a 

tofteHpJi  >"";.'"*"'*'"«  **"*    •>-«   parallel 

F^J!;^    ?  ""*"  """  P«1»"dicu'ar  to  the  H.P. 

»3    '"gh  and  the  base  is  IJ"  diameter. 

.fftcL^"^TarLVi^C"a:i';^^r 

and  one  edge  of  the  base  parallel  to  the  V  P  ' 

t<>lfr7^  ^^-  ''•■     ?'"*  "'""  ^"^  "'^'i™  of  a  trian- 


whe!rr°-^To'';h\"rptit:'rf-- 

parallel  to  the  H  P  '         ^  ""''«  ''"''  ■' 

ang^Km'I^He'n-.r  it"^I^  ^^^7'  V^" 
side  is  parallel  to  the  H.p!^  ^^  ^■'^-  *"''  °™ 

cubfjplf!.'?"-/;;    ^--'h^P'a- and  elevation  of  a 

-rrectsiri'^r.s^^reroitTrpe^ren"'^' 

t^^^ection.     This  is  well  iiluLated ^ 'S.?„r Z' 

^Jhe  foUowing   problems   will   be  placed  on  standard 

heJS^?:i^C:„f,.^!--<' elevation  ofa 
^ace  is  parallel  to  the  ^l.  '^,  ^  ^^  S"  tot' 

H.P.  and  >ts  sides  at  an  angle  of  45°  to  the  VP 

^.^rpp^l^;  aSr;:xr^  ttp"  Id" 

two  edges  of  the  bases  30°  to  the  V.P.  ■       ' 

Eiertlse  No.  15.  Draw  the  plan  and  elevation  of  , 
hexagonal  pyramid,  axis  parallel  to  the  H  V  uTa  1,  * 
base  paraUefto  the'  V  p*^  '^'-     *'  "P-  *"<<  one  edge  of 


4» 


Jl 


SYSTEMS  OF  PROJECTION 

In  addition  to  the  "first  anftle  method  **  of  projecting  one  view  from  another,  as  explained  and 
demonstrated  on  the  foregoing  pages,  there  is  another  method  used  extensively  called  the  "  third  angle 
method."  The  views  on  this  page  will  clearly  demonstrate  the  two  methods  to  the  student,  and  he 
will  note  that  the  diflerence  between  the  two  methods  is,  in  its  results,  simply  a  question  of  the  relative 
arrangements  of  the  views. 


THIRD  AMGUE    METHOD 


>^ 


-rpr--rry 


PRACnCAL  MECHANICAL  DRAWING 
Sketching 

the  .nechamcal  drawin.  and  T^Z  ^  ""'""'"  ^ 

the  Instructor.    AlH^dTk  ff^™  "°"  "^""y  "^ 

Hidden  Surfacei 

.hol"Ct:r:L^:il^t--«.  necessar,  to 

'oshow.«       theTpTt^obTcT^^'"'^""^^™- 

-rfa^  r*:^aw  St  L"^  '°  "^*'  «*«  «dd«, 

'■■nvi8ible  line,  "  as  fZ.  ^"^  '""''*"  «"«.  or 

distinctly  diffr^ntlt^Inrf'"""?™*  '^'«^'  '«'-«  » 

res,  of  the  dmX  3?vTl         """  ""^  ""'"""  °f  the 

orawing,  and  th..T  meanmg  is  readily  understood. 


Sectioning 

v.w^"^Xlr^i:ra:i:-<^-. "'  ^-  ^ 

»  called.  5^'  "    '"  section,"  as  it 


^^^rlTpSSlfc.S^yl-roi^ttJ"''.'^- 

c»n  be  placed  to  better  advance  "J^ewion. 

As  an  aid  in  indicating  tliat  a  oieo-  !.  ;„    ..^■ 
surface  cut  is  covered  with  lio^  r    ^.  ^  "  ***""•  *« 
"cross-hatchinK  "    Th!^  r*       ""  '*"«'  '«^'i°"  ''■"«  or 

tnang.e.esting'^onthl'r^.^^^thrsl-^"'  *'  «° 
of  judgment.  ^''""' ""'hespacmgiaamatter 

■"le  triangle  is  moved  alone  the  T^„ 

•Pacng  accomplished  by  the  eye     It  is  ^.^      '  ""^  "^ 

finera>«.katchi„g  on  small  ^Ses  ^"""^  "^  "" 

in  ^:::.r°diSf;rrr  "^'"*- 

different  patte;;^of'^tlEnr"^""'°'''''"'"'^ 

"ot.  ^-oir;srtet»sS^-r^ 

Unfinished  Views 

soml™  tT'e'vltte'finTsh^e^'"'  T'^  '"""^'^^  "«' 
Partiaiiy,  ^  Tn^^Zj"Z\7'  '""'"  """^ 
.".agination  in  order  to  ^Ite  thelf-^r*  >"»" 
a  saUsfactory  manner.        "P"''  "'^  "nfimshed  view,  in 

Study  each  problem  carefully   and  trv  »„        j 
drawmg  finished  in  every  resrT;     r.T-  *° J^'^  » 
'eft  off  of  the  unfinished  vITS;.  hM        "i**"  "™» 
others  are  soUd  lines,  coSeq"^|vX  ""^"*  """• 

complete  the  views  will^^     *^        ™'""" '"  *'>''*  ^ou 
views  will  prove  your  grasp  „f  ,he  subj,rt 


SI 


i 


SIMPLE  VIEWS 

Secure  from  the  Instructor  a  model  known  as  a  rect- 
angular prism.  Study  the  shape  of  this  prism,  for  in  this 
lesson  we  will  show  how  to  make  a  drawii^  of  it. 

The  drawing  done  all  through  this  course  is  done  accord- 
ing to  the  laws  of  the  Orthographic  Projection,  and  after 
several  lessons  are  completed  you  will  then  begin  to  under- 
stand some  of  these  laws,  for  they  determine  how  we  shall 
arrange  the  views  of  the  different  objects. 

In  making  ordinary  drawings,  either  freehand  or 
mechanical,  it  is  not  always  pos^ble  to  properly  indicate 
by  a  single  view  the  shape  of  the  object  being  drawn,  and 


for  this  reason  working  drawings  usually  consist  of  a  number 
of  views  of  the  object.  Fig.  25  is  an  incomplete  drawii^, 
because  the  mechanic  cannot  tell  from  the  drawing  whether 
the  piece  is  square*  cylindrical  or  irregular,  looked  at  from 
the  end. 

Fig.  26  shows  the  completed  drawing,  and  after  the  end 
view  has  been  added  it  is  shown  definitely  that  the  object 
was  a  rectangular  prism.  The  dimensions  added  give  the 
additional  information  that  the  prism  is  3in.  loi^,  2in.  wide, 
and  lin.  high.  Notice  how  the  dimennons  are  shown  with 
special  light  lines  and  arrow-heads. 

The  light  lines  running  from  the  one  view  to  the  other 
are  called  projection  lines. 

You  will  notice  that  in  drawing  this  rectangular  prism 
we  only  show  the  outline.  What  we  draw  represents  the 
exact  outline  that  would  be  seen  if  we  were  to  stand  in  front 
of  the  view  and  cast  our  eye  directly  around  the  object. 
In  placing  the  two  views,  they  must  be  exacdy  in  line,  as 
indicated  by  the  projection  lines  in  Fig.  26  that  join  up  the 
two  views. 
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Pointera 


FIQ.26 


^reat  aid  in  prcdu^'S;;^     '"'"'"'  ■"•"  '«'"  "-  "^ 

paper  should  be  fi4„X  Ae^:,  ™"-  ^'"  *^'"''« 
«ble,  for  it  is  vcry~uol  ^  ^  ™°°*'>'  "  >»»- 
wtUcl.  does  not  liTflat  on  ie  bt?'"'"""^  ""*  ™  -Per 


on«r'i^Zdfttoa~rd""''   '^  ■"  ""'^'-d  '»  ^^ 

pu*edi„^rd*r,^„^xcr"''-"-- ^v 

T-square.  "^         **'"'  ''"«'''■>'  »™y  from  edge  of 

thi.  exercise  -ve  J-t'X  r;o:7re"aSe%f  ''^'*" 
neat  sketch  of  this  object  Keen  ?h.  J,-  ?  ^"^""^  = 
for  the  first  time,  tl,ei  repeat  fr^,^        '^'' '"  '""'  °'  ^O" 

preparrf rha„SrdraXt;r'  '^'^  »■»  '"■- 
cniy  your  last  sketch  i„  S'o?;™  asT^.^^''  '"""* 


I  i 


■    .1 

no 

i 

' — fi" — ► 

« 

_ 

-  3- , 

2' f| 

li 


SIDE  ELEVATION 
S.    JWING  BROKEN  LINES  and  NAMES  OF 
VIEWS 

Fig.  27  shows  an  object  which  is  practically  the  rect- 
angular prism  shown  in  Fig.  26,  but  after  it  has  had  a 
section  removed.  The  end  view  being  placed  to  the  right 
of  the  side  view  therefore  represents  the  end  of  the  object 
to  the  right,  marked  E  in  Fig  27. 

In  making  the  end  view  we  imagine  the  object  has 
been  turned  to  the  right  until  a  full  view  of  the  end 
marked  E  is  shown.  This  is  the  principle  we  use  in 
placing  and  forming  the  end  view  of  a.l  objects. 


FIQ.  27 


END  ELEVATION 


We  must  now  learn  the  names  applied  to  the  different 
views.  Both  these  views  show  the  "height"  of  the  object, 
and  any  view  that  shows  height  is  called  an  eleratlon. 
Thus  we  have  a  side  elevation  and  an  end  elevation. 
Suppose  that  we  are  looking  down  on  the  object  from 
above,  then  we  would  see  a  view  as  shown  in  Fig.  28. 
This  view  gives  the  length  and  width,  ar.d  is  called  the 
plan.  It  will  be  necessary  to  remember  this,  for  we  will 
soon  have  drawings  that  include  a  plan  view;  in  fact  plans 
are  always  drawn  when  it  is  desired  to  show  the  length 
and  width  of  an  object  in  one  view. 

The  plan  is  placed  directly  below  the  side  elevation 
and  always  represents  a  view  of  the  object  at  seen  from 
above,  that  is  looking  down  on  the  object. 


FIQ.  28 


liRht  continuous  «„«,  which  JTln  ""u  ""  .**  "•"  ^ 
A.  you  advanc  i„  U.^  ro^::  :Sl' ^^^^  ,^ 


mean,  of  light  projection  line,  drawn  with  th,  T^ 
traagle,  to  make  a  new  view  hv^-IL.  ' -"I"*"  « 

view  already  comple^.  ^  '^'«*"«  <™  from  one 

B.  ««  you'^get  all  ^^X.^i^n'^  ~  '"»  """"'y. 
iJ^^'-du^  "  ™^'^  "^""^  f™n,  your 

'»»S^telt/2r^?'  '"*r'«  <"  •  >««. 
a  freehand  sketch  .^  o.tm  ,  ''"■  '  *'"/  ^*"'  "»*« 
»i«  a.  possible,  but  wTSouH  "  ""J  *"  *"  ""««  '"^ 
elevation,  will  Vom,  T^^ZiZl'^r  k^^'  "^ 
put  in  dimension  Ones.  ""  '"  »^  «<««! 

vi'THi':  D„:r?rd^/;™  "r"™^*""- 

•his  prism  m  size  Jter  fi^f      f-*"   '"''    "'"''''on   of 
Place  in  the  n,^^  !>'  ."^«  ^  f'«'^d  .ketch, 
oeceaaaiy  dimension  lines  and  figures. 
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ANGLE    IRON 

ORAW/   FULL    QIZEZ 
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CHANNgTL    IRON 
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DRA\A/  ruUU   S»2C 
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BRAKE       LEVER  — 

DRAW   HALF  SIZE 
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MILLING  JIG 
FIN I3H  THIS  VIEW. 
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DWAW   END 
VIEW  HERE. 


DRAW  FULL  SIZE 
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PROPER  WAY  TO  REPRESENT  A  NUT 

Very  small  nuts  are  most  easily  represented  by  a  simple 
hexagonal  prism.  Generally,  however,  the  effect  of  the 
"chamfer"  can  be  easily  represented,  and  it  should  be  done 
to  improve  the  appearance  of  the  drawing.  Fig.  29  shows 
the  method  of  representing  precisely  the  effect  of  turning 
off  to  a  spherical  form  at  the  end. 

Locate  the  point  "c"  as  shown  in  figure.  The  front 
face  of  the  prism  cuts  from  the  sphere  (^indicated  by  the 
dotted  arc  "aine"),  a  small  circle  of  which  the  arc  "bid," 
with  centre  at  c,  will  be  visible,  and  since  this  face  is  parallel 
to  the  paper,  this  arc  will  be  seen  in  its  true  form. 

Equal  circles  will  also  be  cut  from  the  sphere  by  the 
other  visible  sides,  but  since  they  are  inclined  to  the  paper, 
the  arcs  "akd"  and  "dme"  will  become  part  of  ellipses  and 
not  true  arcs  on  the  paper. 

An  examination  of  Fig.  29  will  reveal  small  spaces 
"aik"  and  "mne."  These  are  not  as  a  rule  put  on  the 
ordinary  representation  of  a  nut. 

Thus  it  will  be  ^een  that  the  shorthand  representation 
adapted  in  most  drawing  offices,  Fig.  29,  No.  84,  differs 
from  the  exact  construction  only  in  the  omission  of  the 
portions  "aik,"  "enm,"  and  the  use  of  two  arcs  of  a  true 
circle  instead  of  the  two  elliptical  portions. 

These  trifling  differences  between  the  two  methods  of 
representation  effect  a  material  saving  of  time  and  trouble, 
especially  where  the  operation  must  be  repeated  several 
times. 


The  above  discussion  likewise  applies  to  hexagon  bolt 
heads. 

Note. — All  bolts  have  their  various  sizes  propwtional 
to  their  diameters.  The  thickness  of  the  nut  is  equal  to 
the  diameter  of  the  bolt.  The  head  of  the  bolt  is  generally 
the  same  thickness  as  the  nut,  but  sometimes  is  made 
equal  to  i  the  diameter.  The  distance  across  flats  of 
the  hexagon  is  equal  to  1}  times  the  diameter  plus  |". 
The  distance  across  comers  of  the  hexagon  is  equal  to 
twice  the  diameter.  These  sizes  will  be  approximate,  but 
will  serve  the  purpose  of  our  drawing. 


SECTION  OF  STANDARD  THREADS 

Near  the  end  of  thi.  book  you  »,ll  ft„d  ubio.  .ivini  the 
.luraeter.     F,g.  No.  30  ,how.  a  cro«-«ctio„  of  the  thread 

h,.  not  ho«ver,  o,.  „„e  „^  for  pipe  „„,k  ,„d  toiler 

.^r^^;^'"'^  «--  -    "and"- pLXf. 

meJ^ni^  ^"'^"'  °'  "  "-"^  '•  »  difficult  part  of 
mechanical  drawmg,  and  it  i.  not  u«ial  to  d,ow  thfexac 
fom,  of  each  individual  thn=ad  unle-  there  i.  a  veil  .,S 

-rd-be-ni-^^ir^t:/ '"'' "' "-' '-  «"""" 

«.me  of  then,  rf,ow  a  sectional  ,Uupe,  but  for  convenience  in 


drawing  the  U.S.  StandanI  thread,  tho  .light  " flattening" 

For  practice,  copy  Fig.  JO  «^wa|  ,i„„,  u«ng  a  different 
thread  ..equal  to  one-eighth  of  the  pitch. 
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DRiiWING  SCREW  THREADS 

A  good  practical  method  of  indicating  the  screw  thread 

■s  shown  in  Fig.  31.     Instead  of  drav,mg  the  actual  V-shape 

of  the  threads  they  are  merely  indicated  by  a  series  of 

parallel  lines,  alternately  long  and  short,  properly  inclined 

as  required  by  the  pitch.    The  inclination  can  readily  be 

determined,  as  shown  in  the  right-hand  part  of  the  figure,  by 

using  the  eo"  triangle  to  draw  the  section  of  a  single  thread, 

then,  since  the  root  on  one  side  of  the  bolt  is  opposite  the 

crest  on  the  other  side,   "ca"  is  drawn  "square  across," 

and    b,  a.  at  the  desired  inclination.      This  inclination  is 

traMferred  to  the  drawing  of  the  bolt  by  using  the  triangle. 

This  IS  a  purely  conventional  way  of  indicating  a 

•crew  thread;  it  is  not,  and  does  not  pretend  to  be,  a 

drawing"  of  it  in  any  proper  sense;  but  it  answers  the 

purpose  just  as  well  as  the  most  accurate  detailed  drawing. 

This  IS  especially  true  in  the  case  of  small  bolts,  where  even 

the  most  painful  accuracy  in  the  use  of  the  instruments 

fails  to  give  a  look  of  neatness  and  uniformity  to  the  drawing 

If  the  bolt  ia  very  larje,  the  above  rules  of  representing 

It  in  a  full-size  drawing  are  not  eligible.     It  is,  however,  very 

rarely  that  one  is  used  of  such  dimensions  as  to  make  it 


worth  while  to  construct  an  exact  projection  of  it  intro- 
duaag  all  the  details  of  the  flattening  of  the  crest  at  the 
top  and  the  groove  at  the  bottom,  the  helical  curves  of  the 
thread,  etc.  As  a  compromise  between  this  and  the 
preceding  processes,  that  shown  in  Fig.  33  may  be  used 
with  good  effect. 

This  process  consists  in  Uying  out  the  KKtion  of  a 
full,  sharp  V-threaded  screw,  which  is  carefully  drawn  with 
the  60  triangle,  after  which  the  tops  of  the  threads  arc 
joined  by  one  series  of  parallels  and  the  bottoms  by  another 
senes,  drawn  heavier,  which,  of  course,  have  a  slighUv 
different  inclination. 


Fia.  31 


mistake  has  to  be  corrected      The  u»  of  .h„  «i"  .  ■       . 
will  give  the  required  depth  to  the  thr^d   b.    fsaSt 

,h.l!  ^I'  **  "^'''=^'"''  '"  have  your  pencils  in  the  best  of 
shape  before  attempting  ,o  dra.  threads  of  any  del^L 
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they  must  be  made  uDon  a  .n,^ip         ,  '    '"  ""'"  <^x 

than  an  actual  inch  a^T'r,^  ^?^,'''''^"'*'^'»'"-8^ter 
of  course,  redu-^^V^ilTg^Stt:  ""'''""''■••''«''-• 

To  aid  us  in  drawing  trSe"etarul''7'°"'''"- 
ment  called  a  "scale  rule  ^  NT      ^     *  °' ^" '"*tru- 

drawings  can  be  Tde  ^th  theZJ^^'T'u"'  ""''<'<^ 
the  operaUon  being  verTslmpk  '""''  ""^  "^'"  '"'-■ 

a"r:^r.™d!:rgi::::!:,-rd-'---~' 
-i:?.rr:?  a^irir--"-^^^^^^^^^^^  - 

four,  but  if  done  related  V  '"  T.*''  '°  "^'''^  ^y 
large  drawing,  the  Zra^jr  f  """'"^  **  ^«'"''-«J  °"  a 
become  monotonous  And  ,h  '"™'^', ''""""ctic  would 
avoided  by  the  staoie  e.^      !  T'"'""  ^"  ^  *hoiiy 

-••ing  th'e  dLr^riSr  tm  "f  "■^•;'^'^  ^""'•" 
ordinary  rule     0„~.  h„  •      L*^.'    "  "  ^=  'f  't  were  an 

u*for^dra^„g°"st^f  to::^l';'';;i''th^^  ^™.-" 


twelve  equal  ZrTe^ht^"rtT''^'"«'^"''i<^'"^o 
and  th«J  areTwiWd^T,"/,:'"^'-  T'^'"»  one  inch, 
into  halves,  fourths  a" dlighths"  '"'''  °"  "  ""'• 

a  foll'a^dTri'laTLt''"^'^  ™^  ''^-■-'«i  to  represent 

twelve  ParttTn-rs^M^Jdr-nrm  t^'bef  "^  'V""" 
scales  are  usually  de8iOT,f^  i       /  •  '*''"^-    Such 

to  represent  a  '^t^^TiTi^r:^^''  '"^'^""  '^''- 
"lJin.tothefoot,'-}rtrtrr  ."'"■  '°  ""='«"•" 
scales  are  often  re  erri  to  .  1  ,■'  "'^^  '^'•"^  »»™ 
scale,  the  Jin.  scat"te.  '  ''"•    ^^'^^  «■-   '»■"• 

scale''"t;™1,:"%'^"^^  ''  ■■'  '"«  ••'""  si« 

3in.  equal  a  t.TL  •^lV™e  "'''T-'"^'■•*'■™ 
equala,ooti,is"scale„„e™•gVhTe^"    •  ""^  '*'"■ 

as  s^L:  tr'"'  ""  ""'"^  """""  """""-^  -<=  we  refer  to  it 

on  trp:^^of ^hrtrgh'^r  wrr  -'  ^■"''-- 

that  the  drawing  will  show  I     ''"''^  """''  >*  '"ch 

same  time  not  .« Targe  "^  """^  ■""'"'>'  »""  "'  the 
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INKING   DRAWINGS   AND    MAKING   TRACINGS 
Handling  the  Pen 

In  applying  ink  to  a  drawing  a  special  form  of  draughts- 
man's pen  is  used  that  will  not  change  the  width  of  the  line 
by  spreading  under  the  slight  variations  in  hand  pressure. 

In  general,  the  ruling  pen  and  the  pen  point  of  the  com- 
pass should  be  held  in  such  a  manner  as  to  bring  the  points 
of  both  jaws  on  the  paper  at  the  same  time.  Do  not  lean 
the  pen  either  toward  the  ruling  edge  or  away  from  it,  but 
hold  it  in  a  vertical  plane,  thus  obtaining  clean  even  lines. 
While  the  pen  should  not  be  leaned  toward  or  away  from  the 
ruhng  edge,  it  will  be  found  that  the  ink  will  flow  more 
freely  if  the  pen  is  leaned  slightly  in  the  direction  in  which 
the  line  is  being  drawn. 

When  using  the  compass  for  large  circles,  the  legs  may 
be  bent  at  the  hinges,  so  as  to  obtain  the  conditions  referred 
to  above. 

Tracing 

Before  commencing  to  trace  see  that  all  the  pencil  lines 
and  dimensions  are  drawn  plainly;  otherwise  they  may  be 
hard  to  see  through  the  tracing  cloth.  Place  the  glazed 
side  of  the  tracing  cloth  on  top,  since  the  ink  can  be  erased 


with  greater  case  from  this  side  than  from  the  dull  side. 
It  is  well  to  rub  tracing  powder,  or  better,  powdered  soap- 
stone,  on  the  tracing  cloth  after  it  is  fastened  down.  If  these 
are  not  at  hand  ordinary  powdered  chalk  will  do.  Great 
care  must  be  exercised  in  keeping  the  drawing  pens  clean, 
otherwise  the  ink  will  not  flow  freely.  If  too  much  ink  is 
put  on  the  pen  it  is  likely  to  flow  too  fast,  and  may  blot. 
A  very  good  habit  to  acquire  is  to  wipe  out  the  pen  each 
time  fresh  ink  is  to  be  put  in ;  by  doing  this  fine  lines  can  be 
drawn  more  easily. 

In  deciding  on  the  width  of  line,  the  student  should  bear 
in  mind  that  to  get  blue  prints  with  clear  white  lines,  it  is 
necessary  that  the  lines  of  the  tracing  be  fairly  heavy,  not 
the  fine,  "pretty"  lines  that  beginners  are  so  apt  to  use. 

In  tracing  it  is  well  to  observe  the  following; 

(1)  Ink  in  all  arcs  and  circles  first,  because  it  is  easier 
to  join  them  with  a  straight  line  than  it  is  to  connect  two 
straight  lines  with  an  arc. 

(2)  Beginning  at  the  top,  rule  in  all  horizontal  outlines; 
next,  starting  at  the  left  side,  rule  in  all  vertical  outlines; 
and,  finally,  rule  in  the  angular  outlines. 

(3)  Adjusting  the  pen  to  a  much  finer  line,  rule  in  the 
projection  lines. 


for  the  dime«i„„  .in«,X"  pitTS"  '"  •''  °'*™'"f  '^^^ 
to  make  the  figure,  cleai         '^"'  *"  ^""^"m,  udng  care 

of  the  pen  will  ™t  touch  tte  ,0^?!!.  '  '°,'^'  '^'  >»"' 
Wangle  a«„rfi„g  to  whict  ^J^'"*^'"  "■'  »?—  or 
held  inclining  slfehtlv  in  fh-H-llf^'.  ^*  ■*"  'hould  be 
be  drawn.         *     '^ "  **  ''™*on  in  which  the  line  is  to 

"^trii'r„g**th"rr'2"^^'^-"«™-'of 

fo-iowedasin^f-  *;^-;^P-uti^  cuat  be 

of  the  centre,  p„So„    '  hT    ""^  "'  ""=  «P^.  ^-d 

these  various  line.  aidraw^,*H  "  °"''''^-    ^h™ 

-re  well  ammged,  the  ^^t^^TT 'T'^"'^ '"^ 

wr"'?  ™"=  easily  Se^cl^S       '""'  °"'  ''^  "-" 

and  ^^^''^eCCf^r'  ""^ """"  -tly 

if  the  printing i,donJ°:a^'4,rl,'^S«''""-^'»iIe^ 
Select  a   medium-p^i«  Z,T  "•  ^^  "^"er. 

arrow-heads.  "^       "*"  '^  'ettenng  and  making 


Blueprlnttng 


a  -r^^lleTv^j -•■;- -^^^  -  side  o,  Which  ha. 
from  light  the  coating^an  ZZr  '  '^^' ''  ""'ected 
but  on  exposure  to  su^^^h^.r  ''  '"■"""'''^  ^^  ""•>'■>«. 
'«™  a  deep  blue^hrXc^twrr"*  '"""  "-•  ^ 

.lass,  -d'ha4t^„Xrr.t  r 'T'"  '--  «'h  a 
The  tracing  is  pface^^^'STe  ink  ,  "^  "*""  "°°"="  'elt. 
the  blueprint  papeTwTh  th,  ■  "f  ""*'  '"  the  glass; 

^tracing.     The  Su   7L  n^^T^^'^  "«'  <»  '"» 
fastened  down,  being^nSlTlaT Yh    r  ""'"^' «™' 
pint  paper  a«  in  dose  »Tt^ct  t  ote,^"*  '"^  "''*- 
hght  will  pass  undemeath  tiKe  ;,^ir„^'"T  """^  ■"■ '"» 
print.     On  exposing  the  fram^r^"'*™*'**  poor 
Pa«es  throughliJel^dng Tth It'^'  T"^'"'  «■'=  '«ht 
and  acu  on  the  «nsitized' uX  ^^rr^  "".''  '""'  «"=» 
surface  protected  by  the  lines  of?.;    ,      ■       '"'''""^  »'  this 
After  an  exposure  of  Tr™  ^' ^'  '^T  "^  ""'  ^"^ected. 
depending  on  the  "spS"  S^h/  *"""''  '°  «^^  """■""=»• 
of  the  sunlight,  thT^„t,'t2''!'"'"he  brightness 
washing,  the  prinr^urtte  Lr        I"  '  '""''■    ^f" 
properly  and  dry  0^    aJT^  ""  '^'"  "  -^Y  drain 
l-es  on  a  u„if7„, Tlue  ^^  """'  '''°'"'  ^lear   white 

PHn''r,t.^tr;,?,^r  ""■"*■=  '■■ghtfro„h,ue- 
inaide  and  outside,  Ld  Sd  it"""  '^'"'^  '"''"^'^  ""  the 
h.subduedlight,o;prel^bT;i^^rrrm.'""'  ""^  ""'^ 
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THE  PRACTICAL  APPLICATION  OF  GEOMETRY 
TO  SOME  SHOP  PROBLEMS  IN  LAYING-OUT 

To  Square  a  Tank  Sheet 


In  drawing  this  lewon  do  not  use  T-square  or  triangles. 

Making  use  of  tlie  above  method  for  erecting  a  perpen- 
dicular, square  I'p  a  tank  sheet  42"  by  106".  Sode:  }" 
equals  1'. 


Second  Method 


Scale:  1"  equals  1'. 

With  any  convenient  distance  as  one  space,  step  off 
CD  equal  to  three  spaces.  With  radius  equal  to  five  spaces 
and  C  as  centre  draw  arc  at  E. 

With  radius  equal  to  four  spaces  and  D  as  centre 
describe  arc  at  E.  A  line  drawn  through  D  and  E  will  be 
perpendicular  to  AB.  Do  not  use  T^quare.  Do  nor  use 
triangles. 
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''°"°'*'^-«"'-'-.«f.T„kSh..t 


To  Square  a  Smokebox  Shwt 


step  off 
e  space* 

centre 
;  will  be 
nol  use 


.    S«le=  J"  equals  1'. 
Square  up  a  tank  sheet  to  .he  size  shown 

F  »d  G.    A  line  drawn  Areu/h  ,w  ^""  '*'*«"  »  ^^d 
"ige  will  be  the  centre  lTn7^^  ^"^ '"'"''  ""^  »  "'^ight 

DonotuseT-squa-einsouanngupthissheet. 


Do  not  use  T-square. 
53i°r236'r'^'"   '^''^^    ^heet   app„xin«tely 

lineArJrLlfe^^rf^^tf'-  With  point  K  .„ 
D.  With  C  and  D  as  cen,^ ^ZZt""  ^"^^  ""' "'  ^  and 
CF  describe  two  inte^^g't«  atTA^r^*"' ""■" 
•-rough  E  and  F  will  t.  peUScl'^io  Ab"::  ?^*" 


aHn 


To  Lay  Out  a  Square  Sheet 


To  Find  the  Centre  of  a  Flue  Sheet 

C 


Scale:  i"  equals  1'. 

Do  not  use  T-square. 

With  a  radius  equal  to  AB  and  with  centres  at  A  and  B 
draw  arcs  BC  and  AD  intersecting  at  E.  With  a  radius 
equal  to  more  than  half  the  arc  EB  and  with  centres  at 
E  and  B  describe  arcs  intersecting  at  C  and  H.  t)"*  a 
line  through  these  two  points  intersecting  arc  EB  at  t. 
With  E  as  a  centre  and  a  radius  equal  to  EF  describe  arcs 
i„(5_^,i„g  BC  and  AD  at  C  and  D.  Joining  these  poinM 
of  inteiMCtion,  ABCD  will  be  a  perfect  square. 


Scale:  i"  equals  1'. 

Do  not  use  T-square. 

Draw  chord  AB.  Erect  a  perpendicular  CD  at  the 
centre  of  AB,  which  will  also  be  a  diameter  of  the  flue  sheet. 
Erect  a  perpendicular  at  the  centre  of  CD.  Their  inter- 
section at  E  will  be  centre  of  the  flue  sheet. 


To  Plnd  ,h.  Cmtt.  of  .„  Air  Dnim  H«id 


ADVANCED  GEOMETRICAL  PROBLEMS 
To  Intcribe  a  Ptntagon 


>  at  the 
lue  sheet, 
eir  inter- 


Scale:  3"  equals  1'. 
Do  not  use  T-square. 


Wii^i'  "*"  °^-    U*  'A  a.  a  radius  and  scribe  arc  AI 

.?.::i:'--"'«'«--^^-*^^detdt^rr.°ii 
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GlT«n  One  Side  to  Conatnict  a  Polyiaa 


To  Inacribe  any  Polygon 


Eet  AB  equal  the  length  of  the  given  side,  and  extend  to 
C,  making  BC  equal  to  AB.  Draw  a  aemicircle  on  ABD  and 
divide  it  into  as  many  parts  as  the  polygon  n  to  have 
side*  and  number  of  paru.  From  B  to  a  point  two  spaces 
away  from  C  draw  B6.  Locate  point  O  centre  of  a  cirele 
through  A,  B  and  6.  Draw  line  through  B  and  A,  2,  3,  4, 
5,  to  meet  the  circle.  Draw  AD,  etc.,  the  sides  of  the 
required  polygon. 


Divide  the  diameter  of  the  circle  into  as  many  equal 
parts  as  there  are  sides  on  the  polygon  required.  With  A 
and  then  B  as  centres  and  radius  AB  cross  arcs  at  C. 
Jom  C  to  the  second  division  and  extend  the  line  until  it 
cuu  the  circumference  at  D.  Join  AD,  which  will  be  one 
side  of  the  required  polygon.  Uy  off  the  remaining  sidea 
equal  to  AD. 


K-.i  is  ! 
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To  Conttruct  u  fillips 


.ny^nil^LtCr"""'"''  "-'«  proportionaHy  into 
P«J«°^lerL^,';;'^p',''°;^°"'^">'  •"  ™«'  B.  C.  etc., 

thu.  fo™«,  ,,H  f,.  i^:^;!:  ™r'  "■""*^''  '-^  ■»'"'- 

JD  is  «n^T:7o^r  """"^''  '-'^--of  the  eUip. 

form  of  template^  bv  d""  ?  "''"'  *"  '"  "■=  ""»«  «  " 
'- ly  curved  h„~  ,hT^  ^  ?™"Khtamen  for  drawing  irregu- 

4drn:;rs'o'f'a'':rof'S''^^^'^"-'"^^^ 

dra^rirree.'."'  ''""■°'"  '■"■'  P™"''"-  <>"  =>   »ta«ia.d 


*  Pi.-itlc'il  VI  ■ 


utructlns  an  Elllpw 


a  .Z'zz^i-^x  ^tT  r^  "^ "«-  <" 

OE  and  Uy  off  on  ther.h.^  JL  ^'  '*"  ""  ^D  and 
With  point  E  a,"  «Z^^„""^  ''"«"'  ^  and  width  A. 
of  B,  de«ribe  an  a^ cuwL  tL  '^"'',«'"^'  ">  ""-half 
poinu.  Drive  pinHt  eachtf  th  '"■  "™*'  ""  '"  "«> 
a  .tring  snugly  a^und  the  thLl  *"'","  ^""^  «  E.  Tie 
at  E.     Draw'the  Zictu.  ™^th'"  '"""^'"  ""'  ">=  P'" 

-"r-gr^^„-   --^^    .vera. 
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VARIOUS  STYLES  OF  CROSS-HATCHING 


METHOD  OF  SHORTENING  UP  A  VIEW 
OF  AN  OBJECT 


Mt 


i 


/.#^;> 
//l\\- 


DETVETLOPMCNT   or 
HCXAGONAL     PYRAMID 
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L 


Q£V^£LOPMrM-r  ^p  r,  r^^. 


173 


THE  SQUARE  THREAD 

In  practice,  the  aquare  thread  is  used  where  it  ia  fotind 
necoaary  to  obtain  a  quick  travel  or  LEAD.  It  ia  uaed  for 
tranamitting  motion  and  regulating  the  poaition  of  alidea 
or  other  machine  parts. 

The  PITCH  of  a  aquare  thread  ia  exactly  the  same  aa 
the  pitch  in  the  V  thread,  i.e..  the  distance  from  a  point  on 
one  thread  to  a  similar  point  on  the  adjacent  thread 
(parallel  with  the  centre  line). 

The  LEAD  (a  term  generally  used  when  referring  to 
multiple  threads)  is  the  distance  from  a  point  on  one  thread 
to  a  similar  point  on  the  same  thread  after  this  thread  has 
made  one  tiu^  around  the  screw;  thus,  in  a  single  threaded 
screw  the  lead  would  be  equal  to  the  pitch;  in  a  double 
threaded  screw  the  lead  would  be  equal  to  twice  the  pitch; 
in  a  triple  threaded  screw  the  lead  would  be  equal  to  three 


times  the  pitch;  and  in  the  quadruple  threaded  acrew  the 
lead  would  be  equal  to  four  times  the  pitch. 

The  depth  of  the  thread  and  the  width  of  the  same  are 
usually  made  equal  to  one-half  the  pitch;  thus,  with  a  half- 
inch  pitch  the  depth  would  be  one-quarter  inch,  and  the 
width  would  also  be  one-quarter-inch. 

The  number  of  square  threads  per  inch  is  usually  taken 
at  one-half  that  of  the  angular  threads  per  inch;  take, for 
example,  a  1"  V  standatYl  screw,  the  number  of  threads  per 
inch  would  equal  8;  in  a  square  threaded  screw  of  the  same 
diameter  the  number  of  threads  per  inch  would  equal  4. 

In  drawing  square  threaded  screws,  the  correct  method 
is  seldom  used,  as  it  would  require  too  much  time  to  lay 
out  and  draw  the  curves:  therefore  a  conventional  method, 
in  which  straight  lines  only  are  used,  is  employed  and  used 
almost  universally.  Both  methods  will  be  taken  up  by  the 
student  and  are  illustrated  here. 


m 


•ent  the  outwde  diameter  and  I'.  .-^ ''"" '*P'*- 

.•/■"ad.  A.  right  a„S  "o  .t.;''  i„:^'/-T'"  °<  ">e 
lines,  AB,  CD,  EF,  etc  the  d  ^^  T  "*  '""'  >«""•' 
be  equal  to  o„e-ha  ,i,e  pif  h  n^w^'*^"  these  line,  to 
;qua«,)  connect  point.  B  and  d  D  a„'dTLd°"  '"°  "'i 
the  requ  red  number  of  th™..^  •  l  .  '  ""^  ™  °"  ""ti 
P  eqSl.  the  pTcMal  rtn  ^'"■^«'-.  ^he  distance 
point  B,  in  making  one  c^lj^''  '"  ""'  '^^'  "'-"'fo™. 
the  sc^w  a  diatani";  Jr  B   F    ™  r"'",  '"''^'  "'""^ 

bythefuII.ineBCa„dlTa:dl^;d Le'cF   T'f°L" 
lines  aie  not  to  be  ahn»..  „»  .u    "      .  ""'  •-'  •    The  dotted 

™---"°X^r'a:::l-'-- 


dotted  line,  1,  2,  3.  4  oTtwX'te  ,h  "J"^  ""  '""  »"'' 
no  difficulty  in  locitin.  «me  P  '  '^"^T  '''"'"''  '■'^^ 
line,  are  rot  to  be  shol^  H^!  n  "*'  "'''  ""  """"l 
fine  lines,  and  when  vl  h»    "  "^^  ""  ''™^  *»^''  *>".  in 

correct,  ,o  over  ^me  a„d  ma,::",Tr  °"  Tf'"^"'' 
omitting  the  unseen  lin„     I.,.  '  'eqmred  thickness, 

by  the  era  Jr  "■  *'"'^''  "">'  'hen  be  ea«ly  removeti 

Left  Hand  Screw: 

Reverse  above  layout. 

Todrawthetqtmre 


n,  ""w-  Correct  Method: 

musttrny'^SZI^dt^,"''  '''^'''  '"'  """ent 
Heli.  is  a  curveSte;!^  "  '°  ""*  ^  ""«■  ""•« 
and  at  the  -e^tfJ^-Z;--;^"  cylinder 
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TodtBwaHclli: 

The  diameter  of  the  cylinder  ia  Si".  The  pitch  (the 
distance  that  a  point  will  move  along  in  making  one  com- 
plete revolution)  ia  2". 

After  locating  the  centre  tines,  draw  the  semicircle 
3"  in  diameter,  and  divide  this  semicircle  into  any  number 
of  equal  parts  (8  is  shown  on  Plate),  draw  lines  CI,  C2, 
etc.,  number  these  points  as  shown;  now  project  over  the 
lines  from  these  points  parallel  to  centre  line.  At  right 
angles  to  centre  line  draw  the  parallel  lines  0-0',  1-1',  etc.; 
the  distance  between  these  lines  will  be  equal  to  the  pitch 
divided  by  twice  the  number  of  parts  into  which  the  semi- 
circle has  been  divided,  thus,  2-^16~i";  number  these 
parts  and  plot  points  as  shown,  then  by  using  the  irregular 
curve  or  French  curve,  draw  a  curve  passing  through  these 
points.    This  curve  is  called  a  Helix. 

By  carefully  studying  the  correct  method  of  single 
threads,  the  student  will  note  that  the  outline  of  the 
thread  is  simply,  first,  a  helix  wound  around  a  cylinder 
whose  diameter  is  equal  to  the  ouuide  diameter  of  thread; 
second,  a  helix  wound  around  a  cylinder  whose  diameter  is 
equal  to  the  toot  diameter  of  thread;  the  pitch  in  both 
cases  being  equal  to  the  lead  of  the  screw,  and  the  distance 
between  the  starting  point  of  each  helix  is  equal  to  half 
the  pitch. 

To  draw  a  single  thread  (correct  method),  draw  semi- 
circles H"  diameter  and  1"  diameter,  and  divide  same  into 


four  equal  parts;  project  over  lines  from  points  1-2-3  and  4 
parallel  to  the  centre  line.  Divide  the  lead  (which  in  the 
case  of  thia  single  thread  is  also  the  pitch)  into  eight  equal 
parts,  and  plot  the  curve.  Remember  that  the  dotted  line 
is  not  required  to  be  shown ;  it  is  used  here  in  order  that  the 
curve  may  be  clearly  traced  by  the  student.  PoinU  4  O  A 
are  the  first  half-turn  of  the  thread.  Starting  from  point  4, 
the  helix  representing  the  outside  diameter  is  seen  until  it 
passes  behind  the  body  of  the  screw;  it  again  comes  intoview 
at  point  F.  Remembering  that  the  pitch  is  J",  and  that  the 
width  of  the  thread  equals  i  the  pitch,  four  points  away 
from  A  at  point  B  (the  distance  of  }")  the  next  helix  is 
started;  after  completing  the  first  curve  the  student  is 
advised  to  cut  a  templet  of  same  (using  fine  cardboard  or 
bristol  board  for  this  purpose).  Any  required  number  of 
threads  may  now  easily  be  laid  off.  After  completing  the 
ctu-ves  representing  the  outside  outline  of  the  threads, 
commencbg  at  point  C,  plot  and  liraw  the  small  curve 
representing  the  root  of  the  thread  on  the  body  of  the  screw : 
it  will  be  noticed  that  this  curve  only  comes  into  view  on 
reaching  tht  rentre  line,  and  disappears  ovr,  the  body. 
Four  points  fr.->m  C  the  next  small  helix  is  started,  and  this 
curve  remains  in  view  until  the  xntn  is  reached,  when 
it  also  disappears  behind  the  second  thread. 

By  carefully  studying  the  Plate,  the  student  should 
not  find  any  difficulty  in  tracing  the  curves.  Any  multiple 
thread,  double,  triple,  etc.,  is  drawn  in  the  same  manner. 
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FPIOHT    AND    LEFT  HAND    SQ  THF?EAD 

CONVENTIONAI-      METHOD 
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B  .    ^  'f      s:'  \  , 


ifm. 


MKlOCOfV   MSOUJTION  TBI  CHART 

(ANSI  and  ISO  TEST  CHART  No.  3) 


1.0    ^1^  1^ 

12.2 


1^ 


■ii     J 


mn^ii. 


_J'     -APPLIED  IN/HGE     Im 


'16)   288-  S989  -Fa. 


RlflHT  AND  LEFT  HAND  SQ  THREAD 

DOUBLE 
cowvg^4^no^4AL.  method 


lao 


«il5i'll'll' ills 'III 

!'!■:!■  :<!i;;i.M>!."..i!>!! 


II iiiti  111 1 1 II 


iiiit  imiiit  iliiai  iiiii 
nil  >  IIIIH'  Hill  JIF  ■■ 


11:1111  III  flllif 
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RIGHT  ANJp    LEFT   HAND      SQ    THf9t^^n 


RIGHT    AND    L^FT    HAND    SQ   THREAD 

TRIPLE 

CONVENTIONAL    METHpn 
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triple: 
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DATA  SHEET 


BOILER  TUBE  DATA 


A 

B 

C 

t 

D 

E 

G 

iW 

.i93 

1.767 

.095" 
.109" 

.419 
.480 

13 

12 

IH" 

.458 

2.405 

.095" 
.109" 

.494 
.566 

13 

12 

2    " 

.524 

3.142 

.095" 
.109" 
.12  " 

.589 
.654 
.709 

13 
12 
It 

2H" 

.589 

3.976 

.095" 
.109" 
.12  " 

.643 
.739 
.803 

13 

12 
11 

TABLE  No.  1 
A = Outside  diameter. 

B  =  Square  feet  of  heating  surface  per  foot  of  length. 
C  =  Area  of  section  in  square  inches. 
D  =a  Thickness  of  tube  in  inches. 
E=Area  of  metal  in  square  inches. 
G  ■■  Birmingham  wire  gauge. 


ANG 

LE  IRON  DATA 

A 

8 

C 

D. 

E 

1    " 

1    " 

A" 

}i" 

H" 

iH" 

IJi" 

H" 

H" 

ft" 

•iH" 

IH" 

•A" 

I« 

H" 

iJi" 

\%" 

%" 

H" 

2    " 

2    " 

IH" 

H" 

H" 

2H" 

2H" 

IK" 

H" 

H" 

2W 

2H" 

m" 

'A" 

H" 

2H" 

2H" 

if." 

H" 

H" 

3    " 

3    " 

\%" 

H" 

H" 

iVi" 

3H" 

2     "              Ji" 

H" 
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PIPE  THREAD  DATA 


DATA  SHEET 


TUBES 


No.ot 
Threada 

ii^^r 

per  inch 

Screw 

No. 

Inch 

27 

0.19 

18 

0.29 

18 

0.30 

14 

0.39 

14 

0.40 

Hi 

0.51 

ui 

0.54 

111 

0.55 

111 

0.58 

8 

0.89 

8 

0.95 

8 

1.00 

8 

1.05 

8 

1.10 

8 

1.16 

8 

1.26 

8 

1.36 

8 

1.46 

8 

1.57 

8 

1.68 

185 


DATA  SHEET 

U.S.  STANDARD  SYSTEM 


Diameter 
Bolt 


ThtesdB 


H 


20 
18 
16 
14 
13 
12 
11 
10 

9 

8 

7 

7 

6 

6 

SJ 

5 

5 

t\ 

4 

4 


DIMENSIONS  OF  BOLT  HEAD  AND  NUT 


Long  Diameter 


Hexagonal     Square 


u 
a 
n 
1 

\i 
w. 

it 

2iV 

2i\ 

2)} 

2} 

Hi 

3,V 

m 

m 

Hi 

*n 

Hi 

6J 

7A 
7J 

7t8 

8| 

SIS 

91 

9H 


n 
a 
u 

\f 
li 
il 
1} 

2A 
2A 

JJi 
3*V 
3H 

l{ 

4A 

4)3 
4(! 
51S 
6 

6H 
7,>, 
71 S 
8i 
83i 
9.V 
9SJ 
10} 

loss 

llA 
lUi 
121 


Short 
Diameter 


i 

it 

u 

r 

u 

If 

li' 

Hi 
2 

V, 

2J 

2f. 

2} 

2H 

r 

4 


6 


Depth 


">ii  12M     I       9t 


J 
if 

u 
a 

it 

}' 

U 

H 
II 
1 

lA 
1ft 
lA 
If 
IH 

It 

11' 
2  A 
2J 
2U 
2J 


3tl 


Tap 
DriTl 


*i 


TABLE  No.  5 
186 


l?v 


H 

n 

lA 

ift 
lA 
1*1 


Hi 
2ft 
2)'. 
21 


3H 

3)! 

3H 

4,', 

4A 

4J 

4J 

411 

SA 


Tenalle 
Strength 

at  atrew  ol 
6.00)  Iba. 

per  aq.  Inch 


160 
270 
410 
360 
760 
1,000 
1,210 
1,810 
2,520 
3,300 
4,160 
5,3S0 
6,340 
7,770 
9,090 
10,470 
12,300 
13,000 
18,100 
22,300 
27,700 
32,500 
39,000 
45,300 
51,800 
59,700 
68,000 
76,500 
85,500 
94,000 
105,500 
116,000 
127,000 
Sft     1 138,000 


Diameter 
at  Root 
of  Thread 


.185 
.240 
.294 
.344 
.400 
.454 
.507 
.620 
.731 
.837 
.940 
1.065 
1.160 
1.284 
1.389 
1.491 
1.616 
1.712 
1.962 
2.176 
2.426 
2.629 
2.879 
3.100 
3.317 
3.567 
3.798 
4.028 
4.255 
4.480 
4.730 
4.953 
5.203 
5.423 


h 


